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INTRODUCTION 
Catenation of organoslllcon compounds was Initially 
studied by Pi S. Kipping and co-workers (1, 2, 3) about forty 
years ago; Despite the phenomenal growth of organoslllcon 
chemistry since that time, surprisingly few examples of sili­
con catenations were known before I960. (4, 5)* Since or­
ganically-substituted polysllane compounds have been found to 
possess a relatively high degree of stability, the paucity 
of organopolysllanes might well be attributed to the lack of 
equivalent methods of propagating silicon chains compared 
with carbon chains. 
Although the first branched»chain compound, lso=tetra= 
silane was formed in 19^3 (6) by a reaction between magnesium 
sillcide and hydrochloric acid, the compound was not Isolated 
until 1958 (?)• To date more than a hundred tri- and tetra-
Group IVB-substituted organometalllc compounds have been pre­
pared and characterized. 
The objective of the woric presented here was to extend 
the boundaries of catenated organoslllcon chemistry to in­
clude the chemistry of some trl- and tetrasllyl-substituted 
compounds. 
HISTOBICAL 
Tri- and Tetra-Group IVB= substituted Derivatives 
of Group IVB Compounds 
Group IVB-substituted carbon compounds 
Although tetra-^butylmethane (I) is not known, in 19^7 
Tyler, Sommer and Whitmore unsuccessfully attempted the pre­
paration of tri-t-butylchlorosilane (IX) and tetra-t-butyl= 
silane (III) by reactions between di-^butyldi chlo ro silane 
j^butyllithium (8), 
%e synthesis of the first class of organosilicon compounds 
in which three or four silicon atoms are bonded to one carbon 
atom was reported about 10 years later (9* 10). 
Muller et (9, 10) obtained a mixture of perchlori-
nated compounds from a reaction between elemental silicon in 
the presence of copper as a catalyst and a pblyhalide of car­
bon at high températures* For instance, tris(trichlorosilyl)-
methane (IV) and tetrakis( trichlorosilyl)methane (V) were pro­
duced, by using chlorofozm (9) and carbon tetrachloride (10), 
respectively, as the polyhalides. 
I II III 
Cl^CH + Si/Cu 
IV 
CCl^ + Si/Cu 
V 
3 
Several derivatives of IV were prepared in good yields. 
Treatment with methylmagnesiim bromide gave tris( trimethyl-
silyl)methane (VI), while alcoholysis with methanol and 
ethanol afforded the respective alkoiides, tris(trimethoxy-
silyl}aethans (Vila) and tris(triethozysilyl)methan€ (VIIw) 
(9)s 
IV + 3CH^gBr ^ [(GH^)^8^ ^ CH + 3MgBrCl 
VI 
IV + 3BDH ^ [(BO)^S^ ^ CH + 3MgBrCl 
Vila, R = C3^ 
Vllb, R = CgH^ 
The perchlorinated compound, tri8( triohlorosilyl)chloro-
methane (VIII), was prepared by the ultraviolet irradiation 
of IV in the presence of chlorine (9): 
IV + Clg > |01^8^ jCCL + HCl 
VIII 
Conversion of VIII to V was accomplished by its reaction 
with silicon tetrachloride and elemental silicon using cop­
per as catalyst (11). Huiler ^  al. did not report the pre­
paration of any derivatives of compound V, because of its 
molecular symmetry, one of particular interest would be 
te trakis(trimethylsilyl)methane• 
In 1963 Merker and Scott described a technique they 
termed the ^  situ Grignard reaction which Involved the ad­
dition of a polyhallde of carbon to a solution of a mono-
chlorosilane in tetrahydrofuran in which magnesium metal was 
4 
suspended (12, 13, 14). Ihe broad utility of this one-step 
reaction is illustrated by the variety of structurally novel 
compounds that have been synthesized from readily available 
starting materials. Of considerable interest is the pre­
paration of some highly symmetrical compounds- ®ie reaction 
between some polyhalide compounds ((%r^Clj^^), chlorotri­
me thylsilane and magnesium metal afforded tetrakis( trimethyl-
silyDmethane (IX) (12)g 
®rQ01(i_a + MCHjjjSiOl + <Mg ^,0 
IX 
The yield of IX, using various polyhalide compounds (CBr^Cl^^^) 
was low (ça. JO^) and no reaction was observed when silicon 
tetrachloride was used. When lithium metal was used, silicon 
tetrachloride gave excellent yields of IX, together with a 
small amount of VI (15# 16)% 
Cd^ + 4(03^)^8101 + 8Li IX + 81101 
The formation of IX by a reaction between carbon tét:%bromldé, 
chloro trime thylsilane and lithium was explained by the fol­
lowing sequence of reactions (15)s 
CBr^ + 2Li > Br^CLl + LlBr 
Br^CLl + (CH^)^SiCl ^ (CH^)^SlCBr^ + Li01 
(OH^)^SiCBr^ + 2Li ^ (OH^)^8iOBr2Li + LlBr 
(0H^)^SiCBr2Ll + (Oa^)^8i 01 ^[(0H^)^8^ gOBrg 
+ Li01, etc. 
A similar mechanism was also proposed for reactions involving 
magnesium (12). 
5 
Compound iX, a highly symmetrical molecule, can be en­
visaged as a sphere composed of twelve methyl groups sur­
rounding the central carbon-sillcon skeleton* X-ray powder 
data Indicate that the crystal structure Is face-centered 
0 
cubic with a = 12*96 i 0.08 A (17). A calculated density for 
Z s 4 was found to be O.929 g-cm"^ which is in good agree­
ment with the observed value of 0.9113 g-cm"^ (17). fflie cal­
culated molecular radius of the sphere Is 4.^8 A (17)* l&ider 
ordinary conditions compound IX does not melt, but sublimes 
readily (12). Merker and Scott report that this compound 
appears to undergo some phase change to another crystalline 
compound between 195-210° (I7) and melts, in a sealed tube, 
at 307-308° (15)* Liu claims that the compound does not 
melt when heated above 420° and decomposes above 500° to an 
orange-brown gas which condenses to an orange liquid on 
cooling (16). 
%e less sterlcally hindered compound, tetrakis( di­
me thylsilyl) me thand (X), was prepared in ca. 60^ yield by 
the Iji situ Grignard reaction between carbon tetrabromide, 
chlorodlmethylsilane and magnesium (12) t 
CBr^ + 4H(CH^)2SiCl + 4Mg »|H(CH^)28i) C * 4MgBrCl 
X 
In view of the symmetrical arrangement of the four reactive 
silicon-hydrogen groups and its foimatlon in high yield, this 
compound seemed particularly attractive as a precursor to 
other related types. Attempts to convert X to the corre-
6 
spondlng tetraalkozy derivatives under alkaline conditions 
resulted in extensive cleavage of the central carbon-silicon 
bonds (14)« For instance, treatment of X with sodium meth-
oxide afforded tri s( dimethylmethoxysilyl )methane (XI) and 
other less-branched compoundsi 
CH^ONa f— n i~ 
X + 5CH^0H ^[^CH^0)(0H^)28^ ^ CH + [(^CH^O) (CH^)2Sy 
Oompounds which do not possess these reactive silicon-hydro­
gen groups, IX and VI, were not cleaved under these condi­
tions (14). However, tetraalkoxy derivatives of X were ob­
tained under aciiic conditions, without detectable cleavage 
of the carbon-silicon bonds (14). Alcoholysis with methanol 
and ethanol, using chloroplatinlc acid as catalyst, gave 
moderate to good yields of tetraki8(dimethylmethoxysilyl)-
methane (XIIa)_and tetraki s ( dime thyle thoxysilyl )me thane (Xllb), 
respectively (14)% 
The ^  situ Grlgnard reaction was also amenable to the 
preparation of some tri- and dlsilyl-substituted carbon com­
pounds as well (13)* Tris(trimethylsilyl)methane (VI), -methyl-
methane (Xllla), and -phenylmethane (Xlllb) were prepared 
using chloroform, methyltrlchloromethane, and phenyltrlchloro-
methane as the polyhalide, respectively (13)* 
XI 
Xlla, H = CH^ 
Xllb, a = 
ROOl^ + 3(CH^)^81C1 + 3Mg >[(CH^)^S^ ^ CR + 3MgCl2 
VI, R = H 
Xlllas H = CH^ 
Xlllb, R = Ph 
When dichlorodlphenylmethane was used as the pblyhallde, bis-
(trlmethylsllyl)dlphenylmethane (XIV) was obtained (13)t 
PhgCClg + 2(CH^)^Sia + 2Mg »[(CH^)^S^ gCRig + BMgClg 
XIV 
An attempted preparation of tetrakl8(dlmethylphenylsllyl)-
methane by a reaction between ehlorodim©thylphenyisilan©s 
carbon tetrabronlde and magnesium gave bl8(dlmethylphenyl-
sllyl)methane (XV) In a 68^ yield but no tetrakls compound 
was Isolated (12)t . 
HqO r- -1 
2Ph(CH^)281Cl + CBr^ + 4Mg |Hi( CH^)2SjJ gOHg 
XV 
Merker and Scott (15) also described the preparation of 
compound VI and bl s ( trlmethylsllyl )methane (XVI) by reactions 
of chlorotrlmethylsllane and lithium with the respective 
polyhalldeSf chloroform and methylene chloride (15)s 
CHCl^ + 3(CH^);)8101 + 6L1 ^ VI + 6L1C1 
CHgClg + 2(CH^)^S1C1 + 4L1 > [[gH^)^S^ + ^Lld 
XVI 
Andreey (18) has also reported the preparation of VI by 
the reaction between methylmagneslum bromide and a mixture of 
chloro compounds obtained by the action of a silent discharge 
on dl chloro dime thyl sllane* 
8 
Oilman and Aokl (19» 20) studied the reactions between 
trlphenylsllylllthlum and polyhallde derivatives of carbon. 
The main product of these reactions was hezaphenyldlsllane 
and only In the case of methylene chloride were small amounts 
of the anticipated coupling product obtained. The high yield 
of hezaphenyldl sllane might well be attributed to* (1) a 
lithium-halogen exchange reaction followed by coupling of 
the sllylllthlum with the silicon hallde (Path A); or (2) a 
coupling reaction of trl phenyl sllylllthlum with tdie poly­
hallde followed by cleavage of the newly formed silicon-car­
bon bonds by trlphenylsllylllthlum (Path B) (19» 20). 
Path At 
Ph^SlLl + CX|^ >Ph^SlX + LICX^ 
Ph^SlLl + Ph^SlX >Hi^SlSlPh^ + LIX 
Path B* 
Ph^SlLl + 0X2^ ^ Ph^SlCXj + LIX 
Ph^SlLl + Ph^SlCX^ J-Ph^SlSlPh^ + LICX^ 
Kraus and Nutting (21) report that, In a reaction be­
tween trlphenylgermylsodium and chloroform In liquid ammonia, 
complete substitution of the chlorine atoms does not occur. 
Iiii ether or benzene, only bls(trlphenylgermyl)methane and 
hezaphenyldlgexmane were obtained (21). 
Wlllemsens and van der Kerk (22) prepared tetrakls(trl-
phenylplumbyl)methane (XVII) In ça. 60^ yield by a reaction 
between trlphenylplumbylllthlum and carbon tetrachloride* 
9 
4 Hi^PbLl + CCl^ C + 4L1C1 
Prom a stereochemical point of view, the foznatlon of this 
compound is most remarkable. The reaction between triphenyl-
plumbylllthlt® and ©hlorofoi® or methylene chloride afforded 
tri s ( triphenylplumbyl )mé thane (XVIII) and bis( triphenyl-
plumbyDmethane (XIX)» respectively (22) t 
XIX 
A tabulation of known Group IVB tri- and tetra-Group IVB-
substituted derivatives of carbon is given in Table 1# 
Group IVB-substituted silicon compounds 
In 1923* Stock et (6) obtained n-tetrasilane from 
the products of the reaction of magnesium silicide with hydro­
chloric acid, but they were unable to Isolate the branched 
isomer, 1so-tetrasilane (XX)* Geher et al* achieved a partial 
separation of the two isomers by fractional distillation, and 
reported the boiling and freezing points, densities and re­
fractive indices of both isomers (?)• Borer and Phillips ( 2 3 ) ,  
and Feher smd Strack (24) showed that the mixture of silanes 
obtained from the reaction of magnesium silicide with aqueous 
CH + 3Lia 
XVIII 
> GHg + 2LiGl 
3 
XX 
Table 1. Known tri- and tetra-Group IVB->substituted derivatives of carbon 
Foxmula Name MP(b.p. Reference 
A. Tri substituted 
CClioSi3 
CHCl^Si^ 
^10^28^3 
^li®30®^3 
^19^46^9^^3 
Tri s( trichloro silyl ) ohloromethane 
Tri 8 ( tri chloro silyl )me thane 
Tri s( trimethyl silyl )me thane 
Tri s( trimethyl silyl )me thylme thane 
Tri s( trimethyl silyl ) phenylme thane 
Tris(triethoxysilyl)methane 
Tri s(triphenylplumbyl)methane 
(290.6-291.6/758) 9 
<124-126/10) 9 
(93-95/13) 13 
115 14 
158-160 14 
(144.5/4) 9 
167-168 22 
B» Tetrasubstituted 
®^12®^4 
^9^8®^4 
°13^36®^4 
®13^36^4®^4 
®17®44®4®^4 
^3^60^4 
Tetrakis( tri chloro silyl )me thane 
Tetraki s(dimethylsilyl)methane 
Tetrakis(trime thylsilyl)methane 
Te traki &( dimethylmethozysilyl )mé thane 
Tetraki s(dimethylethoxysilyl)methane 
Tetrakis(triphenylplumbyl)methane 
sublimes 
115 
307-308^ 
sublimes^ 
114-115 
292-294® 
10 
13 
16 
15 
15 
No melting point was reported. 
*In a sealed tube. 
'Decomposition point. 
11 
acid can be separated Into many components, Including n- and 
1 so- te trasllane (XX)» by gas chromatography « The 1 so-te tram, 
sllane (XX) was recently prepared by Gokhale and Jolly (25) 
from pure sllane by an ozonlzer-type electric discharge 
method# The Isomers of tetrasllane were separated by gas 
chromatography and Identified by their relative volatilities 
and, by their Infrared and n.m.ri spectra (25)* 
In 1950 Mllllgan and Kraus (26) prepared trls(trlphenyl-
germyl)sllane (XXI) by a reaction between trlphenylgermyl-
sodltam and trlchlorosllane In ethers 
3 Ph^GeNa + SlHCl^ J^[ph^G^^SlH + 3NaCl 
XXI 
Unexpectedly, the silicon-hydrogen bond of this compound was 
found to exhibit a reactivity not commonly associated with 
that of trlalkyl- and trlarylsllane compounds* Upon treat­
ment of XXI with lithium In ethylamlne, trls( trlphenylgermyD-
sllylllthlum (XXII) was obtained* 
XXI + U ^ ^81L1 + 1/2 Hg 
XXII 
Derlvatlzatlon of XXII with ethyl bromide afforded trl8(trl-
phenylgèimyl)ethylsllane (XXIII)* 
XXII + CgH^Br ^ jPh^G^ ^SlCgH^ + UBr 
XXIII 
In contrast, triethylsllane (2?) and trlphenylsllane (28) re­
acted with lithium In ethylamlne, affording triethylsllylamlne 
and bls(trlphenylsllyl)ethylamlne, respectively* 
12 
( CgH^ ) 3SIH + LI ^2^5^ > (CgH^) ^SiNHCgE^ 
Ph^SlH + LI —^2^5^^ > [ph^S^ gNOgH^ 
Milllgan and Krauv (26) also prepared the bromide, tris-
(trlphenylgeimyl)bromo8ilane (XXIV), by the reaction of XXI 
with bromine in éthylaminet 
XXI + Brg > [Ph^G^ ^SlBr + HBr 
XXIV 
The bromide, oompound XXIV, was not hydrolyzed by water, but 
ammonia in moist benzene converted it to tris(trlphenylgermyl)-
silanol (XXV)* 
XXIV + NH^ > ^SiOH 
XXV 
In liquid ammonia at -33°, compound XXIV ammonolyzed to tris-
(trlphenylgeimyl)silylamine (XXVI)t 
XXIV + 2NH3 > [Ph^G^ ^ SlNHg + HBr 
XXVI 
Tri 8( trlphenylgermyl ) chloro silane (XXVII) was obtained by the 
reaction between XXVI and hydrogen chloride: 
XXVI + Hca > [m^G^ ^ sioi + nh^ 
XXVII 
The first reported compound containing a Ge-Si-an linkage, 
tris( trlphenylgermyl ) ( triphenylstannyl ) tin (XXVIII), was pre­
pared by the treatment of XXII with chlorotrlphenylstannane (29) t 
XXII + Ph^SnCl ^SiSnPh^ + Li01 
XXVIII 
13 
Milligan and Kraus (26) also attempted the preparation 
of tetraki 8(triphenylgermyl)silane by a reaction between tri-
phenylgexmylsodium and silicon tetrachloride. The products 
of this reaction were hezaphenyldigermane and an amorphous 
materials 
EtmO or ____ 
4 Hï^OeNa + SiGl^ > Ph^GeGePh^ + 
^6^6 material 
+ Wad 
It was suggested that the amorphous material might be tetML-
kis( triphenylgermyl)silicoethylene, ^Si « Si [cePh^^, 
based on elemental analyses. 
In 1959t about 10 years after Milligan and Kraus de­
scribed the synthesis of XXI (g6), Oilman et (30) reported 
the preparation of the first branched-chain organosilicon comn 
pound containing contiguous silicon atomst namely, tris(tri-
phenylsilyl) silane (XXIX). ïhis compound was isolated in a 
low yield ( from a reaction of triphenylsilyllithium and 
tri chloro silane t 
3 Ph^SiU + Ol^SiH > ^SiH + 3LiCl 
XXIX 
tftider similar conditions, no tetraki s compound was isolated 
when silicon tetrachloride or tetraethozysilane was used in­
stead of trichlorosilane (30)* The foxmation of hexaphenyl-
disilane in a high yield, from a reaction of triphenylsilyl­
lithium and silicon tetrachloride, was explained by the follow­
ing sequence of reactions: 
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Fh^SiU + S1C1|^ > Ph^SlSlCl^ + LI CI 
Ph^SlLi + îh^SlSiCl^ > Ph^SlSlPh^ + LlSlCl^ 
Gilman and Sim prepared tetraklsCtriphenylstannyDsllane 
(XXX) by a reaction between triphcnylstannylllthlum and sili­
con tetrachloride (31)s 
4 Ph^SnLl + SlCli,,—^ ^^81 + 4L1C1 
XXX 
Urry ^  al« prepared tetraklsCtrlohlorosllyDsllane 
(XXXI) by trlmethylamlne-lnduced disproportionatlon reactions 
of hexaohlorodlsllane and octachlorotrlsllane (3g, 3)); 
( CHm ) «N I— —> 
4 SlgClg ^ ^ > (Cl^S^ ^S1 + 3S1C1||^ 
XXXI 
(CH-)oN 
3 Sl^Clg ^XXXI + ZSlgClg 
A tabulation of known trl- and tetra-Group IVB-substituted 
derivatives of silicon Is given In Table 2. 
Group IVB-substituted gexmanlum, tin and lead compounds 
In 1923 Boeseken and Riitger (34) Isolated a product with 
an empirical foxnula of from a reaction of phenylmag-
neslum bromide with stannous chloride. Of the possible Iso­
mers, XXXII, XXIII and XXXIV, they thought XXXIII to be the 
most likely structure. 
^Ph^ 
Ph^Sn - sn - SnPh^ Ph^SnSnPhgSnPhgSnPhgSnPhg 
8nPh. 
^ XXXIII 
XXXII 
Table 2. Known tri- and tetra-Group IVB->substituted derivatives of silicon 
Formula Name M.P.(b.Po > Reference 
A. Trl substl tu ted 
Trlsllylsllane (1% 4/760) 24 
C^^Hji^^BrGe ^81 Trl 8( trliAienylgezmyl )bromo sllane 242 26 
C^^H|j^^ClGo^Sl Trl s (trlphenylgeimyl)ohloro sllane 23O-23I 26 
^54^46^3^^ Trls( trlphenylgeimyDsllanel 187-188 26 
C^^Hjii^gOGe^Sl Trls( trlphenylgeimyl)sllanol 197 26 
Trls( trl phenyl sllyl) sllane 206-209 30 
C^ll^Hj^^NGe^Sl Trl s( trlphenylgeimyl ) sllylamlne 206 26 ^ 
^58^50^3®^ Trl s (trlphenylgermyl) ethyl sllane 293 26 ^ 
B; Tetra substl tu ted 
01^2812,. Tetrakls(trlchlorosllyl)sllane 345 t 2®^ 32 
OygH^Qgnj^Sl Tetrakls(trlphenylstamiyl) sllane 390-395^ 31 
CL^H/nGe,SnSl Trls(trlphenylgermyl)(trlphenylstannyl) 
^ sllane 340-342 29 
^Decomposition point. 
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Ph^Sn. 
^ ^ SnPh - SnPh^SnPho 
Ph3Sn^ ^ 
xmv 
Recently, Oilman and Cartledge (35, 36) reported the synthesis 
of this compound by several procedures; 
f- _ Ph-SnCl 
3 Ph^SnLi + SnClg > [Ph^Siy ^ SnLl ^ > XXXII 
1) 3 Ph^Sn gMg 
2 SnClo ^ > XXXII + Hi^SnSnPh, 
2) 2Ph^SnCl ^ ^ 
4 Ph^SnU + 8nGl^ > XXXII + Ph^SnSnPh^ 
4 Ph^SnŒL + 8Li + Snd^ > XXXII + Ph^SnSnHi^ 
The highest yield of XXXII was obtained by the reaction of 
triphenyltinlithium and stannous chloride followdd by derivati-
zation of the reaction mixture with triphenyltin chloride. 
In order to test for the presence of tris( triphenylstannyl)-
tinlithium, the reaction mixture was derlvatized with chloro-
triphenylgeimane, instead of triphenyltin chloride, to give 
tri s(triphenylstannyl)(triphenylgermyl)tin (XXXV) (36): 
f— -J Ph-GeCl f— —\ 
3 Ph^SnLi + Sndg—> [Ph^S^ ^ SnLi ^^ ^SnGePh^ 
XXXV 
Hydrolysis of the supposed tri8(triphenylstannyl)tinlithium 
with saturated aqueous ammonium chloride gave the tetrakis 
compound instead of the expected tris(triphenylstannyl)tin 
hydride (XXXVI): 
f— --V Aq» NH||C1 I— —. 
3 Ph^SnLi + SnClg > ^SnLi — —> [Ph^sy ^ SnH 
XXXVI 
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In like manner, reaction of the supposed trls( triphenylstan-
nyDtinlithium with ohlorotriphenylsilane or tri-n-butyltin 
chloride afforded only tetraki8(triphenylstannyl)tin. It is 
believed that tris(triphenylstannyl)tinlithium is foxmed on 
reaction of triphenyltinlithiim with stannous chloride, but 
there are limits to the synthetic possibilities of the re­
agent. 
Ihe reaction of XXXII with one mole of iodine afforded 
an 81.9# yield of triphenyl tin iodide; however, the only 
other product isolated was unreactedj te traki s compound in a 
57# yield. When XXXII was treated with one mole of sym-
tetrachloroethane in refluxing xylene, no reaction was ob­
served, and the te traki s compound was recovered in 94*2# 
yield. In like manner the nucleophilic reagent, methyl-
lithium, gave only tetraphenyltin in addition to recovered 
starting material. 
Incidental to the work of Oilman and Car'tledge, van der 
Kerk and Willemsens (37, 38) prepared a number of related 
compounds of the type* |j^3^ (where M = Fb, 8n and M* = 
Sn, Ge). Uiey were obtained according to the following 
reaction* 
4 Ph^MLi + M'Ol^ )' + 4LiCl 
M « Pb, Sn 
M* = Sn, Ge 
Varying amounts of Ph^Mg were always formed as a by-product, 
probably as a result of metal-halogen interconversion re­
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actions* Owing to the ease of oxidation and general Insta­
bility of lead tetrachloride, compounds with M« = Pb were ob­
tained from lead dlchloride (37)» 
The compound containing lead-lead bonds, tetrakls(trlphenyl-
plumyl)plumbane (XXXVII), has been obtained by simultaneous 
hydrolysis and oxidation of ether-free trlphenylplumbylllthlum 
at a low temperature (39): 
The compound was described as unstable and decomposed In a 
few days In the presence of air to hexaphenyldllead and lead 
oxide. It decomposed more slowly under a nitrogen atmosphere 
and very rapidly In polar solvents. Due to Its Instability 
In ethereal solvents, compound XXXVII could not be prepared 
from a reaction between trlphenylplumbylllthlum and lead dl-
chlorlde (39)* Wlllemsens and van der Kerk (37) report that 
the lead compounds were prepared most easily; and compounds 
Sim (31), however, have prepared tetrakls(trlphenylgermyl)tin 
(XXXVIII) from a reaction between trlphenylgeimylllthlum and 
stannous chloride followed by derlvatlzatlon of the reaction 
mixture with chlorotrlphehylgermane; 
Ph^Ll + Pb Clg (Ph^M)2Pb 
XXXVII 
could not be obtained. Oilman and 
3 Ph^GeLl + SnClg 
XXXVIII 
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Tetralj:ls(triphenylsllyl)tln ( XXXIX) could be prepared 
from stannous chloride, but not stannic chloride, by the fol­
lowing reactions: 
p- _ PhqSiCl ^  
3 Ph^SiU + SnClg > [Ph^8^ ^ SnLi ^j[^8n 
XXXIX 
A tabulation of known tetra-Group IVB-substituted deri­
vatives of gezmanium, tin and lead is given in Table 3* In 
the solid state all compounds prepared, except compound XXXVI, 
are stable at room temperature. In solution, the compounds 
with lead atoms as the surrounding metal atoms, [ph^F^ , 
show much higher stability (25). 
All of the compounds listed in Table 3 show ultraviolet 
absorption maxima in the 293 to 444 mp region {s = 59,000 to 
73,000) which have been attributed to the excitation of the 
electrons of the metal-metal system (39). 
The Chemistry of Methylated Polysilane Compounds 
The chemistry of methylated polysilane compounds has re­
cently been reviewed (5)« As a basis for the work presented 
here, a cursory survey of the chemistry of permethylated poly­
silane compounds and compounds in which at least one silicon 
atom is bonded to three methyl group will be emphasized. 
Methods of preparation 
The reactions of a silicon halide with a metal or a 
silylmetallic compound are the two most widely used methods 
Table 3* Known tetra-Group IVB»substituted derivatives of germanium, tin emd lead 
Formula Name Décomposition Reference 
point 
Tetrakls( triphenylgermyDplumbane® - « - 25 
Trls(trlphenylstannyl)(trlphenylgeimyl)tln 315-330 36 
^2^60^4^ Tetrakis(trlpheiiylgermyl)tin 407-410 31 
C^2®60^5 Tetrakls(trlphenylplumbyl)plumbane®* ^ - - - 39 
<31^2^60^4^ Tetraki s (trlpheaylplumbyl) germane 210 37 
®72®60^4^ Tetraki s(trlphenylplumbyl) tin I60 37 
^2^60^4^ Tetraki s(trlpheaylsilyl) tin 390-394 31 
^2^60^4 Tetraki s ( tri phenyl s tannyl ) tin 315-325 35 
^72^60^4^® Tetraki s ( tri phenyl stannyl ) germane 324 37 
®72®60®^4^ Tetrakls( triphenylstannyl)plumbane 200 37 
^Oould not be Isolated in the pure state* 
^Solutions are not stable and become turbid after a while» 
21 
for preparing organopolysllane compounds (4, 5» 40). 
Symmetrical pexmethylated polysllane compounds, straight-
chain and cyclic, are conveniently prepared by a reaction 
between the appropriate silicon hallde and lithium metal in 
THF (41, 42), molten sodium in xylene or the absence of a 
solvent (43, 44, 45), and sodium potassium alloy in hydro­
carbon or ether (46, 4?, 48 , 49). The synthesis of an homo­
logous series of methylated polysllane compounds of the type, 
CH^ S1(CH^)2 CH^, has been reported (44, 45, 49). They 
were prepared according to the following reactions t 
Na or r- n 
(CH^)^81C1 + (CS^)^8i81(0H^)2Cl—^ > CH^|si(CH^)£J 
Na or (-
(CH^^8i8i(0H^)201+Cl(CH^)28i-81(0H^)201 CH^[si(CH^)^ CH^ 
n = 4, 6, 7, 8, 9» 10, 11, 12 
Recently, a one-step procedure has been described for the pre­
paration of some straight-chain methylated polysllane com­
pounds by a reaction between a dichlorosilane compound 
(ECS^SiClg# where R = CH^, OgH^ or Fh), chlorotrimethylsilane 
and lithium (42). The reaction between dl chloro dimethyl silane, 
chloro trimethyl silane, and lithium gave 60-70^ yields of octa-
methyl tri silane, together with small amounts of the next two 
higher homologues (42): 
2(CH^)^8iCl + (CH^)281Cl2 + 4U > CH^ (31(^3)2^ CH^ 
n = 3-5 
When a smaller ratio of chlorotrimethylsilane to dlchloro-
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dlmethylsllane was used, compounds of the type, 
OHg, n = 3-8 and 10, were Isolated and Identified, Using 
methylethyldlohlorosllane as the dlchloro silicon compound, 
a 66^ yield of 2-ethylheptamethyltrlsllane was obtained, 
and methylphenyldlohlorosllane gave a 2$% yield of hepta^ 
methyl-2-phenyltrlsllane (42)x 
2(CH^)^S1C1 + (CH^)(C2H^)Sia2 + 4L1 > (0H^)^8181(CH^)(02H^) 
51(^3)3 
2(053)38101 + (0H3)Ph810l2 + 4L1 >(053)38I81(OH3)Ph8l(OH3)3 
Hexamethyldlsllane has also been prepared by a similar pro­
cedure from a reaction between ohlorotrlmethylsllane and 
lithium.^ 
2(013)38101 + 2L1 ^(013)38131(013)3 
Dodeoamethylcyolohezasllane, the only well-characterized per-
methylated cyclopolysllane compound, has been prepared by a 
reaction between dlohlorodlmethylsllane and sodium (45), 
so dims potassium alloy (48) and llthlim (41) s 
Na, Na/K or ^ 
6(013)281012 > Gc®3>2Sy ^  
The method of choice for the preparation of do de came thylcyclo-
hexasllane Is the use of lithium, with trlphenylsllylllthlum 
as catalyst (41). 
Unsymmetrlcal polysllane compounds. In which one silicon 
^Dr. K. Shllna, Department of Ohemlstry, Iowa 8tate Uni­
versity of Science and Technology, Mes, Iowa# Information 
on the preparation of hexamethyldlsllane. Private communi­
cation. 1966, 
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atom is bonded to three methyl group s « are easily obtained by 
a reaction between a sllylmetalllc compound and chlorotrl* 
methylsllane (4, 5» 50» 51)» &nd use has been made of this 
procedure for the characterization of organometalllc species* 
Chemical properties 
The silicon-silicon bond of organopolysllanes Is cleaved 
by aqueous or methanollc alkali (52), aqueous plperldlns (1, 
53) and alkali In hexanol (45)» affording one mole of hydrogen 
gas per silicon-silicon bonds 
H^SlSia^ + HÔH > 2H^SiÔH + Bg 
These reactions can be considered as an attack by the basic 
or nucleophillc species on a silicon atom and are represented 
generally as foMaws* 
R^Sl-SlRj + R* > R^SIR* + R^Sl" 
R^SI-SIR^ + R^'Sl > R^SI-SIH^' + R^Sl" 
R^Si-SlRj + Ë" >R^S1=H + R^Si" 
R^SI-SIR^ + OS" > R^SIOH + R^Sl" 
The last réaction is carried out in hydrozyllc media» which 
effect immediate hydrolysis of the intermediate sllanlon to 
an Si-H compound which is in turn hydrolyzed to a silanol 
with the evolution of hydrogen (54» 55)* 
R^Si" + R'OH >R^SiH + R'O" 
R^SIH + R'OH > R^SiOR* + Hg 
A measure of the number of milliliters of gas liberated at 
STP per gram of compound is called the "hydrogen value" and 
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this procedure constitutes a chemical means for structural 
determination. 
%e silicon-silicon bond of hezaaryldlsllanes Is re­
sistant to cleavage by halogens, whereas the hexaalkyldlsll-
anes are much more reactive (40). With a given silicon-
silicon bond, It appears that the relative reactivity of the 
halogens Isi CI > Br > I (56)i This order of reactivity Is 
probably associated with the relative coordinating ability 
of the halogen with silicon in the pentacovalent state. Hez-
amethyldlsllane has been cleaved by chlorine, bromine and 
Iodine (56, 57)t 
(0H^)^8181(CH^)^ + 3^ >2(CHj)^SlX 
_X = 01, Br, I 
%e silicon-silicon bond of higher straight-chain permethyla-
ted polysllane compounds has also been cleaved by halogens 
(5)* 0ctamethyltrlsllane and decamethyltetrasllane was 
cleaved by bromine in chloroform at -40^ (58); 
(CH^)^8181(CH^)281(CH^)^fBrg > (0H^)^8lBr+(CH^)^8l81(0H^)2Br 
5^ ( CH3) 3SISI ( CH3)2Br 
( CH^ ) ^8181 ( CH^ ) 2 81 ( CH^ ) 2 81 ( CH3 ) 3+Br2 
( CH^ ) 381Br+( CH^ ) ^8181 ( CH^) gBr 
A convenient method for the preparation of oi^w-dlhalo-per­
methyla ted polysllane compounds Involves a cleavage reaction 
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1 2 
of dodeoamethylcyolohezasilane by chlorine , bromine , and 
iodine (4?) * 
[S1(CH^)2]^ + Xg ^X-[S1(CH^)2] -X 
n = 2, 3, 4 and 6 
X = Glj Br and I 
Dodecamethylcyclohexasllane is also cleaved by phosphorus 
pentachlorlde (59)# Anhydrous hydrogen chloride and ^ butyl 
chloride were used to hydrohalogenate dodecamethylcyclohexa» 
sllane, providing a series of compounds of the general for­
mula CI- [si(CH^)2] -Y; where n = 1-6 and Y = hydrogen or 
chlorine (60, 61)t 
jsKCH^)^^ + Ed > CI- [si(CH^)^ -Ï 
R = (CH^)^C Y = CI or H 
or H n = 1-6 
The reaction of dodecamethylcyolohexasilane was carried out 
In a stainlpgs steel autoclave at pressures of 400 to 600 
psl and temperatures of 50 to 70°. A mixture of ^ butyl 
chloride and dodecamethylcyclohexasilane reacts smoothly when 
heated at 140-150° in a stainless steel autoclave at 140 psl 
pressure, but no apparent reaction occurred in o-dichloro-
benzene at 155 to 180° after 48 hours. 
Dr. P. K. Sen, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Information 
on the reaction between dodecamethylcyclohexasilane and 
chlorine. Private communication. 1964. 
2 
Dr. S. El. Mawazlny, Department of Chemistry, Iowa 
State University of Science and Technology, Ames, Iowa. In­
formation on the reaction between dodecamethylcyclohexasilane 
and bromine. Private communication. 1964. 
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Feimethylated organopolysllane oompoimds undergo a wide 
variety of reactions without cleavage of the silicon-silicon 
bondi Removal of one or two methyl groups of hexamethyldi-
silane by means of sulphuric acid and subsequent treatment 
with ammonium halides serves to introduce a functional group 
onto one or both silicon atoms (62); 
1. Hp 80% 
(0H_)-8i8i(0S_). ^ (CH.)-SiSi(CH^)pX 
^ ^  2 3 2. MuX ^ ^  ^ 
^ X = 01, P 
1. SmSOf, 
(CH.),8iSi(CH«), ^ X(CH^)p8i8i(Cg.)oX 
^ ^  ^ 2. MuX ^ ^  ^ ^  
^ X = d, P 
nhe procedure is also applicable to higher polysilane com­
pounds (63)1 
CH.[si(CH-)2l CH^ >fCT.fsi(CH^)y1 01 
J i -  3 4J3 J 2. NH^Cl ^ ^ 3 
The removal of the first methyl group, which involves a 
heterogeneous system, is fast, while the removal of the second 
methyl group is slow in spite of involving a homogeneous sys­
tem (62). Treatment of these silicon halide compounds with 
4 2 
Grignard reagents (59» 64), lithium aluminum hydride (58), 
Dr. P. K, Sen, Department of Ohemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Information 
on the reactions between Grignard reagents and chlorosilanes. 
Private communication. I963. 
2 
Dr. J# M. Holmes, Department of Ohemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the reactions between lithium aluminum hydride and chloro­
silanes. Private communication. 1965* 
27 
Inorganic salts (64) and water (58» 65) gave good yields of 
the respective derivative without silicon-silicon bond 
cleavage* 
(CH^)^SiSi(CH^)2Cl + BMgX — > (CH^) jSiSi(CH^)2H 
B ® CHg * OH" ; 05^ * 0&*0^2" * $ ^"BrC^H^— # 
2-01 etc. 
LiAlE^ 
(CH-),SiSi(CH,)oCl ^ (CH-)^SiSi(0H,)2H 
J J j EtgO ^ ^ ^ 
f —  —\ IiiAlHii (— —I 
01 3i(0H.)p 01 ^^HSi(CH^)« H 
^ ^ ^ ^n Et«0 ^ n 
n = 4, 6 
(CH^)^8i8i(0H^)201 + AgON ^(0H^)^8i8i(0H^)2CN 
SgO 
(0H^)^8i8i(Cg^)2Br J- (CH^)^SiSi(CH^)20H and/or 
(0S^)^8i8i(CH^)2 ^ 0 
Although axylsubstituted silylmetallic compounds are 
prepared in excellent yields» a number of unsuccessful at-
t«apts to synthesize stable solutions of trialkylsilylmetal-
lic compounds have been described (40, 50, 51)• Only starting 
material was obtained from the reaction of i, 1, 1-trimethyl-
2, 2, 2-triphenyldi8ilane and lithium in THF (66). The for­
mation of trimethylsilylpotassium was indicated by the iso­
lation of trimethylphenylsilane in low yield, in addition to 
tetraphenylsilane, upon derivatization of the cleavage pro­
ducts of a reaction between 1, 1, 1-trimethyl-2, 2, 2-tri-
phenyldisilane and sodiums-potassium alloy with bromobenzene 
(67)1 
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(CH^)^SlSlHi^ + Ma/K—y(CH^)^SlK + Ri^SlK _( CE^ ) ^8iPh+ 
+ Ph^Sl 
It was possible to characterize phenylpotasslum but not trl-
methylsilylpotasslua from a reaction between trimethylphenyl-
sllane and sodium-po tassium alloy, followed by derivatlzatlon 
with ohlorotriphenylsllane (68). No reaction was observed 
between phenyl1sopropylmethyltriphenylsllane and sodium-
potassium alloy in diethyl ether (69), and hezamethyldisllane 
resisted metal olévage entirely (40$ 50» 51)# 
Evidence for the existence of a transient trlalkylsilyl-
metallic compound is afforded by the cleavage reaction of 
1, 1, l-triethyl-2, 2, 2-trlphenyldisilane by lithium (66). 
The products isolated from this reaction were, after acid 
hydrolysis, triphenylsllane (92^), trlethylsllane (11#) and 
hexaethyldisllane (14#). Isolation of the last compound 
clearly indicates the foxmation of triethylsilyllithium, 
T^ich by cleavage of 1, 1, l=triethyl=2, 2, 2-trlphenyldl-
sllane, gives hexaethyldisllane: 
Ph^SiSlEt^ + 2Li >Hi^SlLl + Et^SlLl 
Ph^SiSlEt^ + Et^SlLl ^Et^SiSlEt^ + Ph^SlLl 
Kraus and Nelson (2?) described the preparation of triethyl-
silyllithium by the cleavage reaction of trlphenylgezmyl-
triethylsilane with lithium in ethylamlne. However, it has 
been shown that silylmetalllc compounds are Instantly am-
monolyzed by amines (70, 71) • No reaction was observed be­
tween trl e thylphenyl si lane and sodium In liquid ammonia (27). 
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Attempted cleavage of hexaethyldlsllane by sodium-potassim 
alloy In diethyl ether (67) or lithium in THP (68) was un­
successful# Gilman et (72, 73)9 in an attempt to pre­
pare triethylsilyllithium, treated triethylsilane with RLi 
oompoundso %e products Et^SiH was formed Instead of the de­
sired trie thyl silylli thium compound; 
Et^SiH + RLi ï-Et^SlR + LIH 
0ctamethyltrlsilane (74), decamethyltetrasilane (74) 
and dodecamethylcyclohezasilane (47, 74) gave mixtures of 
sllylpotassluiB compounds when treated with sodium-potassium 
alloy in THP. ISie silylpotassium compounds were identified 
by V.P.C., subsequent to the derivatization of the mixture 
with chlorotrimethylsilane. To explain the fomation of pro­
ducts from a reaction of decamethyltetrasilane and sodium-
potassium alloy, followed by derivatization with chlorotri­
me thyl silane, Stolberg proposed the following sequence of 
reactions (74); 
2(CH^)-Si2K (OH.),81, 
Na/K / 3 5 ^ 3 ô ^ 
( CH3 ) jqSI^ ( (CH3) 38101 ( OH3 ) gSi 3 
(CH3)3SiK + (0H3)y8l3K (05^)10814 
(GH3)y8i3K + (CH3)gSi3 
(0^3)10814 + (0H3)^Si2K > (0H3)^Si2K + (^3)^^81^ 
(OH3)3SiK + (08^)12813 
Dodecamethylcyclohexasilane is also cleaved by methyllithlum 
to give mixtures of silanylllthium compounds (75)* 
Recently, Husk and West (76) reported that the reaction 
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of dodecamethylcyclohexasllane with sodium-potassium alloy 
at -95° gives a blue-green solution which exhibits strong 
electron paramagnetic resonance» The electron spin resonance 
spectrum was explained in teims of an anion radical of the 
parent cycle si lane; in which the unpaired elec­
tron is delocalized over all six silicon atoms. QSie e.s.r. 
signal was observed up to about -50°. Above this temperature 
the signal disappears rapidly and the solution becomes pale 
yellow. Hexamethyldisilane gave no radical signal and deca-
methyltetrasilane gave a complex esSer® spectrum. The tran­
sient existence of silyl radicals is suspected in reactions 
of some pexmethylated poly silane compounds such as, dodeca­
methylcyclohexasllane , tetrakis(trimethylsilyl)silane» tris-
(trimethylsilyl)methylsilane and octamethyltrisilane with 
1 1 lithium and biphenyl. For example, Harrell has identified 
some straight-chain a,w-dihydro compounds of the type 
H Si(CHo)9 H (where n = 3-6} by v.p.c., obtained by the re-
^ n 
action between dodecamethylcyclohexasilane, biphenyl and 
lithium followed by acid hydrolysis: . 
H 0 
[si(CH^)2]^ + Li + CjgHio > H [31(^3)2] H 
n = 3-6 
Some other products in which n > 6 were also present. When 
the reaction mixture was derivatized with chlorotrimethyl-
^R. L. Harrell, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Infoxmation 
on the reaction between permethylated polysilane compounds, 
lithium and biphenyl. Private communication. I966. 
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silane, compoimds of the type CH^[si(CH^)|^ CH^ (where n « 
5-10) were Identified by v.p.o. and oompounds in which n « 10 
and 12 were isolated; 
r n (CHj.SiCl p ^ _ 
[siCCH^)^^ + Li + ^^ CH^[8i(GH^)^^CH^ 
n » 5-12 
Products containing more than twelve silicon atoms were iso­
lated# %e formation of an anion radical by the transfer of 
an electron to dodecamethylcyolohezasilane is suspected since 
an insufficient molar quantity of biphenyl was used; 
^lzh.G * ^ ®12%0 
°12%0" + ^ 
Pearon has found that hexamethyldisilane is unreactive under 
similar conditions* 
Physical properties 
Straight-chain permethylated polysilane compounds with 
n « 2-6 are liquid, while compounds in which n = 8-12 are 
solids (5# 49). If the melting points of the pemethylated 
polysilane compounds are plotted against.the number of silicon 
atoms# an alternating effect for odd and even numbers is ob­
served up to the octasilane} but afterwards, the melting 
points display a regular progression as the molecular weight 
increases (49)# Dodecamethylcyclohexasilane is a sublimable 
^Dr# F# W# G. Pearon, department of Chmnistry, Iowa 
State University of Science and Technology, Ames, Iowa, In­
formation on the reaction between hexamethyldisilane, lithium 
and biphenyl. Private communication# 1966# 
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solid (oa« 100^) whioh melts at 250*252^ (41, ^ 5) and under­
goes an irreversible change in crystalline form when heated 
to temperatures greater than 74° (45); In general, all of 
the permethylated polysilane compounds are resistant to de­
composition at their boiling and melting points. 
Bonds formed between silicon and electronegative ele­
ments are generally thexnochemically stronger than analogous 
bonds involving carbon (40). Limited thexmochemical data for 
the silicon-silicon bond, on the other hand, have given the 
Impression that this bond is considerably weaker than a car­
bon-carbon bond, A thexmo chemical bond energy E( Si-Si) of 
4614 koal* mole"^ has been calculated for dlsilane, and the 
activation energy for its pyrolysls has been taken to imply 
a value for the dissociation energy D(H^Si-SlH^) of 51 kcal. 
mole"^ (77). By electron impact, Steele and Stone (78) found 
that the dissociation energy D(H^Si-SlH^) for the silicon^ 
silicon bond of dlsilane to be 81.3 kcale mole"^, which is 
comparable, to that of the carbon-carbon bond of ethane, 
D(H^O-CH^) = 83 kcal; mole"^. Hess, Lampe and Sommer (79, 
80) have reported a dissociation energy D[(CH^)^SiSi(CH^)^^ 
for the sill con-sill con bond of hezame thyldi silane of 81 kcal. 
mole"^, whereas Haszeldine et al» (81) report a significantly 
lower value of 58 kcal. mole"^. 
Hague and Prince (82) have reported that the ultraviolet 
spectra of Group IVB organometallic compounds of the type 
Ph^HHPh^ (where M = SI, Ge, Sn and Pb) ecdiibits a maximum in 
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the 239-248 region t = 30,400 to 33,900. The absorptions 
were attributed to Interactions between different phenyl 
groups on different M atoms through the M-M bond# This un­
usual type of conjugation was considered to occur through 
overlap of suitable vacant d-orbltals on the M atom. Re­
cently, Oilman et (83) reported the ultraviolet spec­
tral properties of a family of pexmethylated polysllanes 
of the type CH^[si(CH^)^ CH^ (where n = 2-8). The observed 
Increase In the absorption maxima (X max) and the values 
with an Increase In chain length was attributed to the silicon-
silicon bonding acting as a chromophore, probably through the 
use of vacant d-orbltals of the silicon atoms (83). !Ihe 
ultraviolet absorption maxima for a given chain length re­
mained essentially constant upon substitution of a hydrogen 
for chlorine In compounds of the type, Y- [^(CH^)^-Ï where 
n = 2 to 6 and Y = hydrogen or chlorine (60, 61). An ultra­
violet spectral study of some straight-chain cyclic and 
branched-chain polysllane compounds, both methylated and 
phenylated, have led to the following conclusions (5)* 
a. Phenyl-containing monosllanes exhibit only the ben­
zene id fine-structure of B-bands having low molar absorbtl-
vities (40, 82), 
b. With polysllanes, intense absorption maxima are ob­
served and the X max. Increases with increasing chain length; 
c. The molar absorbtivitles also increase with increas­
ing chain length. OSiese compounds appear to obey Beers-Law. 
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d. Substituent8 such as phenyl and vinyl cause an in­
crease in X max., while chlore-, hydroxyl and H- appear to 
have little effect on the band position* 
e# Cyclic and branched polysilanes absorb at lower wave­
lengths than their corresponding open-chain analogs. 
In general, groups attached to silane compounds exhibit 
a lower shielding value than groups attached to methane com­
pounds. Webster (84) has studied the proton magnetic resonance 
spectra of 0-H and Si-H protons in a series of methyl-, phenyl-
substituted methanes and silanes and noted that in the car­
bon series, the change is much larger than in the silicon 
series. He attributed this to possible dn-ptr bonding be­
tween silicon and the phenyl rings. However, his measure­
ments on other groups, as well as the phenyl group, are much 
lower in silane compounds than in methane compounds. For ex­
ample, if the t value he gives for (CH^)^SiH, 6.149, is put 
into the equation t = t(SiH|^) - Og^f for the methyl 
group is approximately 0.21 compared with Shoolery's value of 
0.466 for the methyl group in substituted methanes (85). 
Other examples of this phenomenon are evident with the halo-
si lane (75)» Although dn-pTT bonding (84, 86) has been in­
voked to explain the relative decrease in chemical shift dif­
ferences for substituted silane compounds as compared to 
methane compounds, this decrease in effective shielding of a 
group appears even in compounds where this type of bonding is 
not possible such as methyl silanes, germanes and stannanes 
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(85t 87). It appears that the effective shielding for the 
phenyl group and for the methyl group of Group IVB compounds 
is in the order of thé relative electronegativities of the 
éloaént to which the group is attached; C » Ge > Sn > Si 
(85). 
It has also been reported that in a series of straight-
chain pexmethylated polysilane compounds, the internal methyl 
protons are usually deshielded with respect to the terminal 
metiiyl protons (5)« 
Smith and Angelotti (88) have reported that the 8i-H 
stretching absorption varies with the substltuents on silicon 
in a manner which approximately parallels thé sum of their 
electronegativities* Using the sum of valueg (oharacter-
istic constants assignéd to the substltuents on silicon"), 
the Si-H frequéncies of numerous monosilane derivatives were 
accurately predicted (88); Thompson (89) has shown that these 
values may be correlated with Taft*s a* values, concluding 
that the vibration frequency of the Si-H bond is controlled 
by inductive effects. 
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E2CPEBIHENTAL 
The apparatus consisted of a three-necked flask of ap­
propriate size with ground glass joints, fitted with a tru-
bore stirrer, a Friedrich*s condenser and an addition funnel, 
@ie condenser and addition funnel were topped with nitrogen 
inlets when reactions involving organometallio or organosilyl-
metallio compounds were run# All glassware was oven-dried 
before use and purged while hot with dry oxygen-free nitrogen 
before reaotants were Introduced^ 
unless otherwise stated, the tetrahydrofuran (THF) was 
dried by refluxing at least 24 hours over sodium metal follow­
ed by distillation from lithium aluminum hydride immediately 
before use. Anhydrous ether used for reaction purposes was 
stored over sodium wire* 
The organo silicon halldes were purchased from Dow Coming 
Corporation and used without further purlfloatloni Triaethyl 
phosphate, methyl iodide and bromobenzene were purchased from 
Columbia Organic Chemicals Co., Inc. and were further purified 
by distillation. The spectrograde cyclohezane used for ultra­
violet spectral studies was obtained from Phillips Petroleum 
Co. and Katheson Coleman and Bell Co. 
Lithium metal (0.1^ sodium content) was obtained com­
mercially as wire from Lithium Corporation of America and 
wiped free of its protective coating and cut into small pieces 
into a nitrogen filled reaction flask. Magnesium metal was 
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Grignard grade turAlmgs obtained from Malllnkrodt Chemical 
Works# 
Quantitative titrations of organometallio and silylme-
talllo compounds were carried out in a manner similar to the 
published procedure, employing a double titration technique 
using allyl bromide (90). Color Test I was used as a quali­
tative test for organometaille and organosllylmetaille re­
agents (91)* 
Phenylmagneslum bromide (9%), n-butylllthium (93)i 
methyllithlum (94) and phenyllithium (94, 95) were prepared 
in diethyl ether accosrding to published directions. Pre­
viously described preparations of trlphenylsilyllithium (96) 
and dlmethylphenylsilyllithlua (96) were employed, using THP 
as solvent# Sodlum^potasslum alloy was prepared and the ex­
cess alloy was removed from reaction mixtures by amalgamation 
with mercury according to the published procedure (97)^ Te-
trakls(trimethyisllyl)8llane was routinely identified by 
vapor phase chromatography (v.pic.) - column temperature was 
175® and the injection port temperature was ça, 250® and its 
infrared spectrum because of the difficulty of obtaining 
good, reproducible sealed tube melting points on an analytical 
sample. 
Silicon analyses were carried out by Uhlon Carbide Opr-
poration. Silicones Division, Tonawanda Laboratories, Tona-
wanda. New York. Carbon and hydrogen analyses were carried 
out by Use Beetz Mlkroanalyti sches Laboratorlum, Kronach, 
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Western Germany (foznerly Dr* Ing. A* Sehoeller). Infrared 
spectra were routinely determined using the Perkin-Elmer, 
Model 21, spectrophotometer* %e proton magnetic resonance 
spectra were measured with a Varlan HB-60 and H»60 spectro­
meter operating at 60 He and the ultraviolet spectra were 
determined with a Beokman !£ 2A spectrometer; V*p*c* analysis 
were carried out with an F + H Model 3O0 gas chroma to graph 
using an 18 in* x 1/k in* column packed with silicone gum 
rubber SE 30 on Chromo sorb W(lt20); Molecular weight deter­
minations were made with a Mechrftlab Model 3OI-A Vapor Pres­
sure Osmometer* Benzil was used as a standard with benzene 
as the solvent. All melting and boiling points are uncor­
rected* 
A Direct Preparation of Some 
Tetrasilyl-substituted Organopblysllane Compounds 
Tetraklsf trinethylsilyl)silane 
Prom silicon tetrachloride, chlorotrlmethylsllane and 
lithium in THF (general procedure) The general procedure 
Involves the addition of ca* 15^ of a solution of silicon 
tetrachloride dissolved in THF (ca* 1*1 volume ratio) to a 
vigorously stirred solution of a 20^ excess of chlorotri­
me thyl sllane and THF (ca* 1:1 volume ratio) in which a small 
excess of lithium is suspended* After stirring at room tem­
perature for a few minutes, the reaction mixture usually 
warms up and turns brown* Once the reaction has started. 
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the addition of silicon tetrachloride dissolved in THF may 
be rapid without decreasing the yield of tetraki8(trimethyl-
silyDsilane appreciably. However, to maintain control of 
the exothermic reaction, moderate to slow addition is pre­
ferable# Upon completed addition two to four hours), 
the reaction mixture should be stirred at room temperature 
for more than twenty-four hours# At this time, appreciable 
amounts of insoluble salts and a small amount of unreacted 
lithium wire are present. Also, the reaction mixture should 
be at room temperature. If these criteria are net satisfied,, 
continued stirring of the reaction mixture at room temperature 
is necessary# 
In the work^up of the reaction, unreacted lithium wire 
and insoluble salts are removed by filtration# Hydrolysis 
of the homogeneous dark brown solution by the addition to a 
mixture of crushed ice and hydrochloric acid is followed by 
the separation of tiie organic layer. The organic layer is 
dried over anhydrous sodium sulfate, filtered, and the or­
ganic solvents are removed under reduced pressure. Pure 
tetrakis(trimethylsilyl)silane is obtained by crystillization 
of the semi-solid from 95% ethanol subsequent to sublimation. 
When^ a slight excess of silicon tetrachloride is used and/or 
when the reaction does not proceed to completion, a white 
colloidal precipitate is observed upon the hydrolysis of the 
reaction mixture subsequent to the removal of undissolved 
salts and lithium metal by filtration. Due to its colloidal 
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nature, sometimes a sharp distinction between the organic 
and aqueous layer is not observed, even after varying the pH 
of the mixture or adding more ether* At this stage# a fil­
tering aid is added and the mixture is filtered under reduced 
pressure* Further work-up is continued in the manner de­
scribed above* 
Bon 1 Ho 3*30 g* (0*48 g*.a torn) of lithium was 
added 10 ml* of a solution of lié? g* (0*069 mole) of silicon 
tetrachloride and 50 ml of THF; After stirring for 30 minutes 
at room temperature, the reaction mixture turned brown and 
addition of the silicon tetrachloride solution was continued 
over a period of 30 minutes* After this time, a solution of 
25*9 S* {0;24 mole) of chlorotriaethylsllane in 100 ml* of 
THF was added dropwise* The reaction mixture became warm and 
upon completed addition (ca* 1 hour), it was refluxed over­
night* lAireacted lithium was removed by filtration and the 
reaction mixture was acidified by addition to a mixture of 
ice and 10^ hydrochloric acid* The hydrolyzed mixture was ex­
tracted with three 100 ml* portions of ether and the combined 
organlcs were dried over sodium sulfate* Subsequent to the 
removal of solvents, the brown oil was chromatographed on 
neutral alumina* Elution with petroleum ether (b*p* 60-70®) 
afforded a solid from which 6*0 g* of tetrakis(trimethyl-
silyl)silane was obtained, after two recrystallizations from 
95% ethanol followed by sublimation* 
Anal* Calcd* for C, 44*91; H, 11*31; «ol* wt* 
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321; hydrogen value, 279. Founds C, 45.76; H, 11;22{ #1. 
Wt# 319; hydrogen value, 277^, 
!£he Infrared spectrum (CS2) showed prominent absorptions 
In M at* 3.40 (m), 3.46 (m), 7.20 (w), 7.70 (m), 8.O5 (s), 
12,0 (s), 13.5 (w), and 14.6 (w). 
The n.m.ri spectrum (In Od^) shows a sharp singlet at 
9.79 t. Symmetrically disposed about this peak are ^^C-H 
satellite side bands = 119 cps, and two peaks at­
tributable to HC^^Sl spin-spin coupling, J(HC^^Sl) = 6.24 ops. 
There was no absorption In the ultraviolet spectrum 
above 210 mji In cyclohezane as solvent. 
Bun 2 To 28.6 g. (0.26 mole) of chlorotrlmethyl-
sllane and 6.72 g. (0.92 g.-atom) of lithium suspended In 
200 ml. of THF was added 1.0 ml. of silicon tetrachloride. 
The reaction mixture Immediately warmed up and 6.9 ml. of 
silicon tetrachloride dissolved In I50 ml. of THF was added 
dropwlse while heating at reflux temperature. Upon complete 
addition, the reaction mixture was A*fluxed for 5 hours. At 
this time, the reaction mixture was filtered prior to acidi­
fication by pouring onto a mixture of Ice and 10# hydrochloric 
acid. The hydrolyzed mixture was extracted with three 100 ml. 
portions of ether, and the combined organlos were dried over 
sodium sulfate. Subsequent to the removal of solvents under 
reduced pressure, the semi-solid was chroma to graphed on 
The author is grateful to Dr. J. H. Holmes for the hy­
drogen value determination. 
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alumina* Elution with petroleum ether (b.p. 60-70^) gave 
oa. 13*0 g« of a white solid, from whioh 12.1 g. (58^) of 
tetraki 8( trimethylsilyl ) silane was obtained subsequent to 
orystallizatlon from 95% ethanol followed by sublimation» 
Bun 3 To 94*2 g, (0o86 mole) of ohlorotri­
me thylsilane and 150 ml, of fHF in whioh i5*i g* (2;16 g.» 
atoms) of lithium was suspended, was added 20 ml* of a solu­
tion of 36 g; (0*214 mole) of silicon tetrachloride in 200 ml* 
of THF* After stirring at room temperature for 1 hour, there 
was no evidence of a reaction and the reaction mixture was 
refluxed for 4 hours* Heat was removed and dropwise addi­
tion was continued over a period of 30 minutes* After stir­
ring overnight at room taperature, the reaction mliture was 
filtered prior to acidification by pouring onto a mixture of 
ice and 10% hydrochloric acid* Extraction of the hydrolyzed 
mixture with three 100 ml* portions of ether was followed by 
drying of the organic material over sodium sulfate* 3he sol­
vents were removed under reduced pressure and the semi-solid 
residue was crystallized from 95% ethanol followed by sub­
limation to give 37 g# (54^) of tetrakis(trimethyl8ilyl)-
silane* 
Bun 4 To 188*4 g* (1*73 moles) of chlorotri-
metiiylsilane dissolved in 200 mi; of THF, and 30*3 g* (4*32 
g*-atoms) of lithium was added 20 ml* of a solution of 60 g* 
(0*36 mole) of silicon tetrachloride in 200 ml, of THF* 
After stirring at room temperature for 2 hours, the reaction 
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mixture turned brown and warmed up* Dropwise addition of the 
silicon tetrachloride solution was continued over a period 
of 3 hours after which the reaction mixture was stirred 
at room temperature for 14 days. Work-up in the manner de­
scribed in San 3 gave 91 S« (65«5^) of tetrakl8(trimethyl-
8ilyl)silane. 
Run 5 To 94.2 g. (0.86 mole) of ohlorotri­
me thylsilane dissolved in 200 ml. of THF, and 15*1 g* (2.15 
g.-atoms) of lithium was added 20 ml. of a solution of 30 g. 
(0.18 mole) of silioon tetrachloride dissolved in I50 ml. of 
THF. After stirring for 4 hours at room temperature, the 
reaction mixture warmed up and turned brown. Dropwise addi­
tion of the silicon tetrachloride solution was continued and 
upon complete addition (ça. 4 hours), the reaction mixture 
was stirred overnight at room temperature# Work-up in the 
same manner described in Run 3 gave 40.5 g# (70#) of tetra» 
ki8(trimethylsilyl)silane. 
Bun 6 To 95 g. (0.88 mole) of chlorotrimethyl-
silane dissolved in I50 ml. of TSF, and 13 g. (1.9 g.-atoms) 
of lithium was added 20 ml. of a solution of 36 g. (0.21 mole) 
of silicon tetrachloride in 200 ml. of THF. In less than 5 
minutes, the reaction mixture warmed up and tumed brown. 
Dropwise addition of the silioon tetrachloride solution was 
continued over a period of 2 hours after which the reaction 
mixture was stirred overnight at room temperature. Work-up 
in the manner described in Bun 3 gave 45 g. (67^) of tetra-
kl8(trlmethylsilyl)sllane. 
Ban 7 To 238 g, (212 moles) of chlorotrlmethyl-
silane dlisolveâ In 3OO ml* of THF, and 30,8 g. (4.4 g.-atoms) 
of lithium was added 50 ml. of a solution of 85 g. (0*5 mole) 
of silicon tetrachloride in 200 ml. of THF. After stirring 
at room temperature for oa. 5 minutes» the reaction mixture 
warmed up and turned brown. Dropwise addition of the silicon 
tetrachloride solution was continued over a period of 2 hours 
after which the reaction mixture was stirred for 36 hours at 
room temperature. Work-up in the manner described in Bun 3 
gave 98 g. (61#) of tetraki8(trimethylsilyl)silane. 
Seven ^repeat runs of this reaction gave yields of 57* 
65#* 
Bun 8 To 284 g. (2.6 moles) of ohlorotrimethyl-
silane and 37 g* (5*3 g.-atoms) of lithium suspended in 330 
ml. of THF was added 25 ml. of a solution of 102 g. (0.6 
mole) of silicon tetrachloride and 100 ml of THF. The re­
action mixture warmed up and turned brown after ça. 10 min­
utes of stirring at room temperature. Dropwise addition of 
the silicon tetrachloride solution was continued and upon 
complete addition (ça. 2 hours), the reaction was stirred at 
room temperature for 48 hours. Work-up of the reaction mix­
ture as described in Bon 3 gave 124 g. (65#) of tetrakis(tri­
me thyl silyl)silane. 
Five repeat runs gave yields of 60-63^; 
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Ban 9 lb 218 g; (2.0 moles) of ohlorotrimethyl-
sllane dissolved in 200 ml# of THF, and 28 g. (4.0 g.-atoms) 
of lithiim was added 85 g. (0.5 mole) of silicon tetrachloride 
dissolved in 200 ml; of THF* %e reaction mixture turned 
brown and waxmed*up after 20 minutes of stirring at room 
temperature « af telr which the reaction mixture was stirred 
overnight at room temperature. A white colloidal precipitate 
was observed subsequent to filtration and acid hydrolysis of 
the reaction mixture. A small quantity of Celite was added 
and the mixture was filtered under reduced pressure. Work­
up of the filtrate in the manner described in Run 3 gave 83.4 
g. (52^) of tetraki8(trimethylsilyl)silane. 
A repeat run gave 48^ of tetrakis(trimethylsilyl)silane. 
From silicon tetrachloride, ohlorotrimethylsilane and 
magnesium in THF (attempted) A mixture of 13*6 g. (0.56 
g.-atom) of magnesium and 25 ml. of a solution of 11.7 g. 
(0.069 mole) of silicon tetrachloride in 100 ml. of THF was 
stirred at room temperature for 3 hours and refluxed for 1 
hour. Color Test I was negative and addition of the remain­
der of the silicon tetrachloride solution was followed by the 
addition of a solution of 25*9 g# (0.24 mole) of ohlorotri­
methylsilane in 100 ml. of THF. Color Test X was negative and 
the unreacted magnesium metal was separated from the reaction 
mixture. Upon acid hydrolysis of the decanted solution, a 
white gummy mass precipitated. An infrared spectrum of this 
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Table 4. Preparations of tetrakls(trimethylsllyl)sllane (XLIX) 
Run Lithium 
(LI) 
Silicon 
tetrachloride 
SI CI,. 
Ohio ro tri­
me thyl si lane 
(CH^)^SiCl 
Pot contents ai 
reacti< 
,a, b 3.36 s. 
(0o48 gi-atom) 
6.72 g. 
(0.96 g.-atom) 
15.1 g. 
(2,16 g.-atom) 
30.3 g. 
(4.32 g.-atom) 
35*1 g. 
(2.15 giatom) 
13 g. 
(1.9 g.-atom) 
30.8 g. 
(4.4 g.-atom) 
11.7 g. 
(0,069 mole) 
36 g. 
(0.214 mole) 
60 g. 
(0.36 mole) 
30 g. 
(0.18 mole) 
13 g. 
(0.21 mole) 
85 g. 
(0.5 mole) 
25.9 g. 
(0,24 mole) 
28.6 g® 
(0,26 mole) 
94,2 gi 
(0.86 mole) 
188,4 g, _ 
(1,73 mole) 
94.2 g. 
(0.86 mole) 
95 g. 
(0.88 mole) 
238 g. ^ 
(2.2 mole) 
3.36 g. of Li, 
solution of 11, 
in 50 ml. of Tl 
28,6 g, of (CH. 
g. of Li} 1.0 I 
and 200 ml. of 
94.2 g; of (CH. 
ml, of THF9 15< 
20 ml. of a so] 
of SiCl^ in 20( 
188.4 g. of (CI 
g. of Li, 200 I 
20 ml. of a so] 
of SiCl^ in 20( 
94.2 g, of (CH. 
g. of Li, 200 I 
20 ml. of a so] 
SiCl^ in 150 m] 
95 g. of (CH3). 
U, 150 ml. of 
of a solution ( 
SiCl|^ in 200 m] 
238 g, of (CH^; 
of Li, 300 ml, 
50 ml, of a so] 
of SiCl^ in 20( 
The THP was freed from moisture and peroxides before use by storag« 
specified, 
^THP was freed from peroxides and moisture before use by refluxing < 
hydride immediately before use. 
Ik 
The reaction mixture was refluxed, 
®Seven repeat runs of this reaction gave yields of 57-65#. 
ae (XLIX)* 
Pot contents at start of Addition fieaction Yield 
reaction time(min) time(hr) % 
3.36 g, of Li, 10 ml. of a 
solution of 11.7 g; of Si CI J, 
in 50 ml. of THF ^ 
28.6 go of (CH^)^8i01, 6.72 
g. of Li ; 1*0 ml. of SiClii 
and 200 ml. of THF * 
94.2 g; of (CH^)^SiCl in 200 
mlo of THF9 13,1 g. of Li and 
20 ml. of a solution of 36 g. 
of SiCl^ in 200 ml. THF 
188.4 g. of (CH^)^SiCl, 30.3 
g. of Li, 200 ml. of THF, and 
20 ml. of a solution of oO g. 
of SiCa.^ in 200 ml. of THF 
94.2 g. of (CH^)^SiCl, 15.13 
g. of Li, 200 ml. of THF, and 
20 ml. of a solution of 30 g. 
SiCl^ in 150 ml. of THF 
95 g. of (0H^)^8i01, 13 g. of 
Li, 150 ml. of THF, and 20 ml. 
of a solution of 36 g. of 
giCl^ in 200 ml. of THF 
238 g. of (CH^)^SiCl, 30.8 g. 120 36 61.0 
of Li, 300 ml. of THF, and 
50 ml. of a solution of 85 g. 
of SiCl^ in 200 ml. of THF 
fore use by storage over sodium wire for 24 hours, unless otherwise 
use by refluxing over sodium, followed by distillation from: lithium 
f 57-65%. 
30 overnight 3I.6 
300* 5^ 58.0 
30 overnight 54.0 
180 336 66.5 
240 overnight 70.0 
120 overnight 67.0 
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Table 6. Home origins of staff 
Zone Dis- Use car pool Duties require use No. of 
no. trict to job of car on campus em-
no. ployees 
11 3 13 38 
12 6 13 43 
13 2 11 34 
14 2 5 23 
13 43 138 
21 2 12 26 
22 3 17 45 
23 9 16 66 
24 2 12 44 
25 6 12 32 
22 69 213 
31 3 16 34 
32 7 32. 88 
33 8 32 81 
34 9 18 62 
35 9 23 63 
36 121 328 
40 0 8 33 
41 0 12 65 
42 1 39 149 
43 2 18 80 
3 77 327 
51 1 28 100 
52 6 43 126 
53 6 44 120 
54 3 57 100 
55 1 17 43 
17 189 489 
61 6 13 69 
62 4 10 26 
63 7 19 52 
17 42 147 
71 3 48 201 
72 3 24 67 
73 4 27 73 
10 99 341 
81 0 4 11 
82 5 8 28 
83 0 1 6 
5 13 45 
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material shoved absorptions for Si-OH and Si-O-Si* No tetra-
ki6(trimethylsilyl)silane was isolated. 
Prom silicon tetrachloride, ohlorcrtrimethylsilane and 
lithium in 1. 2. 3. 4-tetramethyltetrahydrofttran (attempted) 
In this experiment 1, 2, 3, 4->tetramethyltetrahydrofuran 
was used in place of tetrahydrofuran. An infrared spectrum 
of the white gummy material obtained after work-up showed 
absorptions for Si-OH and Si-O-Si. No tetraki s( trimethyl­
silyl) silane was isolated. 
Tetrakis(dimethylphenylsilyl)silane 
From chlorodimethylphenylsilane. silicon tetrachloride 
and lithium in THP To 81.6 g. (0.48 mole) of chlorodi­
methylphenyl silane * 6.72 g. (O.96 g.-atom) of lithium and 200 
ml. of THF was added dropwise 20 g. (0.12 mole) of silicon 
tetrachloride dissolved in 50 ml. of THF over a period of 3 
hours. Upon complete addition, the reaction mixture was 
stirred for 20 hours at room temperature prior to filtration 
through glass wool. Hhe organic layer was separated and dried 
over sodium sulfate subsequent to acid hydrolysis. Removal 
of the organic solvents under reduced pressure gave an oil 
which was chromatographed on neutral alumina. Elution with 
petroleum ether (b.p. 60-70®) gave a liquid which had the 
same retention time (v.p;c.) as a known sample of 1, 1, 2, 2-
^The author is grateful to Dr. J. B. Dickey for this 
material. 
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tetramethyl-1, Z-dlphenyldlsllane. Purification of this 
liquid by distillation afforded 25.9 g. (63.6#) of pure 1, 1, 
2, 2-tetramethyl-l, 2-diphenyldisilane, b,p. 125=128^/1.8 mm, 
m.p. 34-35° (mixed m.p.) (Lit. (6?) b.p.l28-130*/1.8 mm, m.p. 
34-35®)® Further elution with benzene gave 2.4 g. (3.5$) of 
tetrakis(dimethylphenylsiiyl)silane, m.p. 133-135*# subse­
quent to purification by crystallization from benzene. 
Anal. Calcdc for OggH^^Slj: Si, 24é6; Mol. Wt. 507. 
Founds 24.5; Mol. Wt. 506 (vapor pressure osmometer). 
The infrared spectrum (CCl^) showed prominent absorptions 
In^ at: 3.26 (m), 3.38 (m), 3.45 (m), 7,0 (s), 7.12 (w), 
8,06 (s) and 9.06 (s). 
The n.m.r. spectrum (CSg) shows a sharp singlet at 9®?2 t 
for the silicon-methyl protons and a multiplet for the silicon-
phenyl protons centered at 2.91 t (aliphatic/aromatic proton 
ratio = 1.2$ calcd. 1.2), and its ultraviolet spectrum con­
sisted of a band at x^olohexane 2ii2 mji 38,600). 
From dimethylphenylsilyllithium and silicon tetrachlo­
ride To 280 ml. of a THFtether (1:2) solution of 0.12 mole 
of freshly prepared dimethylphenylsilyllithium prepared by 
the cleavage of 1, 1, 2, 2-tetramethyl-l, 2-diphenyldisilane 
with lithium in THF (96) , cooled to -40® was added dropwise 
5.1 g. (0.03 mole) of silicon tetrachloride dissolved in 20 
ml. of ether* Color Test I was negative upon complete addi­
tion and the reaction mixture was stirred at room temperature 
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for &a* 1 hour* Hydrolysis of the reaction mixture with 200 
ml» of a saturated ammonium chloride solution followed by the 
usual work-up afforded on oil whloh was ohromatographed on 
neutral alumina; SLutlon with petroleum ether (b.p. 60-70*) 
gave 3 g, (60#) of 1, 1$ 2, 2=te tramethyl=1, 2-dlphenyldl-
sllane, b,p. 126-127^/1.8 mm, m.p. 3^35® (mixed m,p.) after 
purification by distillation. Further elutlon with benzene 
gave, after crystallization from acetone, 2;5 g. (14.6#) of 
tetrakl8(dlmethylphenylsllyl)sllane, m.p. 133-134* (mixed 
m.p.). 
Tetiakls(triphenylsllyl)sllane 
From ohlorotrlphenylsllane. silicon tetrachloride and 
lithium (attempted) A solution of 70.8 g. (0;24 mole) of 
ohlorotrlphenylsllane, 10.0 g. (0.06 mole) of silicon tetra­
chloride and 250 ml; of THF was added dropwise to 3*36 g. 
(0.48 g.=atom) of lithium and 20 ml. of THF. The reaction 
mixture immediately became exothermic and, after complete ad­
dition, the reaction was stirred overnight at room temper­
ature. Subsequent to filtration through glass wool, the re­
action mixture was hydrolyzed with 200 ml. of IN hydrochloric 
acid. Hexaphenyldlsllane, 41 g. (66.5#), m.p. 355-358® (mixed 
m.p.), was removed by filtration. The organic layer of the 
filtrate was separated and dried over sodium sulfate. Removal 
of the solvents gave an oil which was chroma to graphed on 
alumina. Elutlon with petroleum ether (b.p. 60-70°) gave a 
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solid compound after crystallization from ethyl acetate did 
not melt when heated above 500^• 
A Direct Preparation of Some 
Trisilyl-substituted Organopolysilane Compounds 
!ï?ri 81 trime thyl silyl ime thyl silane 
From methyl tri chloro sllane. ohlorotrimethylsilane and 
littiium in THF (Run 1) To 105.2 g. (0.96 mole) of ohloro­
trimethylsilane dissolved in 125 ml. of THF and 16.9 g. (2.4 
g.-atoms) of lithium was added 25 ml. of a solution of 40 g. 
(0.27 mole) of methyltrichlorosilane in 100 ml. of THF. After 
vigorous stirring for 2 hours, the reaction mixture became 
exothermic. At this stage, the remainder of the methyltri-
chloro silane solution was added dropwise. Upon complete ad­
dition (%. 2 hours), the reaction mixture was stirred over­
night at room traiperature. The reaction mixture was decanted 
from the excess lithium upon crushed ice acidified with 10^ 
hydrochloric acid. Work-up of the organic layer in the usueUL 
manner gave an oil which was ohromatographed on alumina. 
KLution of the column with petroleum ether (b.p. 60-70°) gave 
24.5 g. of a liquid which was distilled to give 22.9 g* (32#) 
of tris(triméthylsilyl)methylsilane, b.p. 94-97^/7 mm, m.p. 
57-59® (mixed m.p.) [see Reaction of Tris(trimethylsilyl)-
silyllithium with Trimethyl Phosphat^ i 
Bun 2 To a very vigorously stirred mixture of 326 g. 
(3 moles) of chlo ro trime thyl silane dissolved in 300 ml. of 
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THF and 47.2 g. (6.6 g.-atoms) of lithium was added 25 ml. of 
a solution of 149.5 g. (1 mole) of methyltriohlorosllane in 
200 ml. of THF. After 1.5 hours of stirring at room tem­
perature, thé reaction mixture turned brown and became exo-
thexmiOe At this stage, the remainder of the methyltrlchloro-
silane solution was added dropwise over a period of 4 hours 
and» upon complete addition, the reaction mixture was stirred 
for 48 hours at room temperature. Work-up in the usual man­
ner gave 105 g. (40j() of tri s( trimethylsilyl )methylsilane, 
b.p. 97-160®/8 mm, m.p. 57-59* (mixed m.p.). dhe residue 
from distillation was chromatographed on alumina. KLutlon 
of the column with petroleum ether (b.p. 60-70°) afforded a 
solid product which was purified by crystallization from ace­
tone to give 40,1 g. (21;6^) of sym-tetrakl8(trlmethylsilyl)-
dimethyldlsilane, m.p. 147-149° (mixed m.p.). 
50 ml. of THF and 4.0 g. (0.57 g.-atom) of lithium was added 
20 ml. of a solution of 10 g. (0.05 mole) of phenyltrlchloro-
silane in 100 ml. of THF. A reaction was initiated by re-
fluxing for 15 minutes subsequent to the addition of 1 ml. of 
triphenylsilyllithium. At this stage, external heat was re­
moved and the remainder of thé phenyl tri chlo ro silane * THF 
solution was added dropwise with external cooling. Upon 
4e 5a 6-tetraki8(trlmethylsilvl) 
cyclohexen-l-yll silane 
From Phenyltrlchlorosilane. ohlorotrimethvlsilane and 
lithium To 17 g. (0,16 mole) of chloro trlmethylsilane in 
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complete addition, the reaction mixture was stirred overnight 
at room temperature* After this time# the red reaction mix­
ture was derivatized by addition to 40 ml* of chlorotrimethyl* 
silane in 50 ml* of THF* Color Test I was negative and the 
reaction mixture was filtered prior to hydrolysis with IN 
hydrochloric acid* The organic layer was separated and dried 
over sodium sulfate* Subsequent to the removal of wlvents 
under reduced pressure, a semi*solid was obtained which was 
crystallized from ethyl acetatetethanol to give 15 g. of a 
solid, m.p* 207-211^* Beerystallization from ethyl acetate 
gave 14 g* of compound, m.p. 215-218^. Although this com­
pound was not rigorously identified, the spectral properties 
indicate that it might be tris [trimethylsily^ 4, 5t ^ 
tetrakis(trlme1^yl8ilyl)cyclohexen-l->y^ sllane* For the 
spectral properties, see the Discussion part of this thesis* 
Another run of this reaction, employing the same molar 
quantities of reactants, afforded 12 g* of product, m.p* 
215-218® (mixed m.p.). 
Tris(dimethylphenylsilyl)methylsilane 
From dime thylphenyl sllylli thium and methyl tri chloro-
silane in THF To 360 ml* of a THF*ether (1*2) solution of 
0*18 mole of dime thylphenyl sllylli thium (preparedr inr THF), 
cooled to -40° was added rapidly 9*0 g. (0.06 mole) of methyl-
trichlorosilane in 30 ml. of ether. Upon complete addition. 
Color Test I was negative and the reaction mixture was stirred 
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to jpoom temperature* Subsequent to hydrolysis by addition 
to a mixture of ioe and IN hydroohlorio acid, the organic 
layer was separated and dried over sodium sulfate. !Ihe sol­
vents were removed under reduced pressure and the residue was 
distilled, affording 3.8 g; (15.6^) of 1, 1# 2, 2-tetremethyl-
1, 2.diphenyldisilane, b.p. 126-128®/1,8 nm, m.p. 3^-35® (mix­
ed m.p.)- Lit. (6?) b.p. 128-130/1.8 mm, m.p. 34-35® « The 
residue from the distillation was chromatographed on a column 
of alumina. Elution with petroleum ether (b.p. 60-70^) af­
forded 8;i g. (30.2^) of tris(dimethylidienyl8ilyl)methylsilane, 
m.p. 53*54^1 subsequent to purification by crystallization 
from ethanol. 
Anal; Calcd. for Si, 24.6; Hoi. Wt., 449. 
Pound; Si, 23.9, 24.5; Mol. Wt., 452. 
The infrared spectrum (OS2) showed prominent absorptions 
inju at: 3.2? (w), 3.38 (m), 3.45 (w), 7.I7 (w), 8.05 (s), 
9.05 (s), 12.00 (s), 12.34 (s), 12.82 (s), 13.15 (m), I3.68 
(s) and 14.35 (s); 
The ultraviolet spectrum consisted of a band at 
hexane 242,^ (g 39,200). 
Tris(trimethylsilyl)silane 
From triehlorosilane. chlorotrimethylsilane and lithium 
in THF (attempted) A solution of 20 g. (O.I5 mole) of tri-
chlorosilane, 53 g. (0.49 mole) of chlorotrimethylsilane and 
200 ml. of THF was added to 6.2 g. (0.87 g.-atom) of lithium. 
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_jrhe reaction mixture became exotheimic after 10 minutes 
of stirring at room temperature* Upon complete addition (ca* 
2 hours), the reaction mixture vas stirred overnight and de­
canted away from the excess lithium on to a mixture of crushed 
ice acidified with 10$ hydrochloric acid. The organic layer 
was separated and dried over sodium sulfate* Subsequent to 
the removal of the solvents under reduced pressure, an oil 
was obtained which was chromatographed on alumina* Elution 
of the column with petroleum ether (b*p* 60-70°) gave, after 
two recrystallizations from acetone, 9*3 g. (59*6#) of 
tetrakis(trimethylsilyl)silane * 
Tri s ( trime thvl silyl ) chloro silane ( attempted) 
Prom silicon tetrachloride* chlorotrimethylsilane and 
lithium A solution of 30 g* (0;18 mole) of silicon tetra­
chloride and 70 g* (0*64 mole) of chlorotrimethylsilane in 
150 ml* of THF was added to 8*6 g* (1*1 g*-atoms) of lithium 
suspended in 200 ml* of THF* After ca* 15 minutes of stirring 
at room temperature, the reaction mixture became exotheimic. 
The mixture was stirred overnight at room temperature, sub­
sequent to filtration under a nitrogen atmosphere* The brown 
solution was derivatized by the addition of phenylmagnesium 
bromide (100# excess), followed by stirring at reflux temper-
ature overnight* Color Test I was positive and the reaction 
mixture was worked-up in the usual manner to give 28 g* (54*5#) 
of tetraki &(trimethylsilyl)silane * 
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Another run of this reaction yielded 23 g. (46.?#) of 
tetreki s(trimethylsilyl)silane. 
The yields are based on the amount of starting chloro-
trimethylsilane• 
Reactions of Tetrakis(trimethylsilyl)silane 
Tetrakis(trlmethylsilyl)silane with sulfuric acid 
A mixture of 20 g» (0,06 mole) of tetrakis(trlmethyl-
silyl)silane and 97 g. of concentrated sulfuric acid was stir^ 
red at room temperature for 4 hours* There was no evidence 
of the evolution of a gas and the reaction mixture was heated 
at 80^ for 20 minutes. After this time, there was no evi­
dence of the evolution of a gas. When heated at I30®, a very 
slow evolution of a gas was observed. External heat was re­
moved and the evolution of a gas, presumably methane, in­
creased rapidly to an "explosive rate". 
Tetrakis(trimethylsilyl)silane with aqueous piperidine 
A solution of 20 g. (O.O6 mole) of tetrakis(trimethyl-
sllyl) silane and 4.5 ml of water in 104 ml. of piperidine 
was refluxed for 4 days prior to acidification and work-up in 
the usual manner. Distillation of the residue afforded 11 g. 
of a liquid which consisted of two compounds (by v.p.c.), b.p. 
109-110®/22 mm, n^^® I.4190; An infrared spectrum showed a 
strong absorption at 9155 u and a weak band at 2.9 u, indi­
cative of 81-0 and Si-OH, respectively. No starting material. 
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tetrakl s( trimethylsilyl) silane, was reoovered* 
Tetralcig( trimethylgilrl)ailane with sodium methoiide in 
methanol 
Sodium metal (0.4 g») was dissolved in I50 ml. of meth­
anol. To this a>lution was added 15 g. (0.05 mole) of tetra» 
kl 8( trimethylsllyl ) sllane and the reaction mixture was stir­
red for two days at room temperature prior to aoidiflcation 
and work-up in the usual manner. V.p.c. of the liquid indi­
cated no starting material and the presence of three compounds; 
and an infrared spectrum showed a strong absorption band at 
9.4 Mt indicative of 81-0. 
Tetrakls(trimethylsilyl ) sllane with bromine 
To 20 g. (0.06 mole) of tetrakis(trlmethylsilyl)sllane 
in 150 ml. of benzene"was added dropwise at 4® a solution of 
11.2 g. (0.06 mole) of bromine in 80 ml. of benzene. The 
bromine color was discharged instantaneously and, upon com» 
plete addition (^. 20 min), the reaction mixture was stirred 
for 1 hour at room temperature. The solvent and volatile 
products were removed by distillation, affording a brown semi­
solid. An excess (100#) of phenylmagneslum bromide was added 
amd the reaction mixture was heated at reflux temperature 
overnight. After this time Oolor Test I was positive. A 
semi-solid was obtained on work-up, and from this was recov­
ered 12.1 g. (60,5#) of tetrakis(trlmethyl3llyl)sllane. 
Another run using 8 g« (0.03 mole) of tetrakis(trlmethyl-
silyl)sllane, 4 g. (O.O3 mole) of bromine and 120 ml.of oar-
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bon tetrachloride gave a 6 g, {6%) recovery of tetrakis(tri­
me thyl silyl ) silane • 
TetrakisCtrimethylsilyPsilane with phosphorus pentaohloride 
A solution of 20 g« (0,06 mole) of tetraki8(trimethyl-
silyl)silane and 12,4- g. (0,06 mole) of phosphorus psnta= 
chloride in 200 ml. of benzene was refluzed overnight. Sub­
sequent to the addition of an excess (oa« 100#) of phenyl-
magnesium bromide, the reaction mixture was refluxed overnight. 
Acid hydrolysis of the reaction mixture gave a 6.1 g. (63#) 
recovery of tetrakis(trimethylsilyl)silane. 
Another run employing 10 g. (0,03 mole) of tetrakis(tri-
methylsilyl)silane and 6.2 g, (0.03 mole) of phosphorus pen-
tachloride in 200 ml. of carbon tetrachloride afforded 5*8 g. 
(60#) of unreacted tetrakls(trimethylsilyl)silane. Using 
150 ml. of sym«-tetrachloroethane instead of 200 ml. of carbon 
tetrachloride, 6.1 g. (63#) of tetrakis(trlmethylsilyl)silane 
was recovered. 
Tetraki s(trimethylsilyl)silane with methyllithlum 
In a!HFtettier (4:1) (Bun 1) After stirring a THPt 
ether (4;1) solution of 0.07 mole of methyllithlum and 20 g. 
(0.06 mole) of tetrakis(trimethylsilyl)silane for 10 minutes 
at room temperature, a greenish-yellow solution was observed. 
Ihe solution was reïluxed for 5 hours followed by stirring 
overnight at room temperature. Color Test I was negative 
and the pale greenish-yellow solution was hydrolyzed by ad-
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dltlon to 120 ml. of IN hydrochloric acid. Thé organic layer 
vas separated and the aqueous layer vas extracted with ether. 
The combined organic layers were dried over sodium sulfate. 
Subsequent to the removal of the solvents under reduced prea-
sure$ an oil was obtained which was distilled to give 13.4 g. 
(87#) of trls(trlmethylsllyl)sllane, b.p. 8o-83®/8 mm, 
1.4891» d^^® 0.8092. 
Anal Calcd. for C^HggSl^i 81, 45*13; Mol. Wt., 248; 
MHjj, 88.95. Pound! SI, 44.6; Mol. Wt;, 25?; MBj^, 88.70. 
Thé Infrared spectrum (cartson disulfide) showed absorp­
tion bands In fi at* 3.38 (m), 3.45 (w), 4.86 (m), 6.9O (w), 
7.15 (w). 8.04 (s), 12.0 (s), 13.35 (m) and 14.55 (m). 
The n.m.r. spectrum (carbon disulfide) contained a sing­
let at 9.77 t (Sl-CH^) and 7.73 t (Sl-H). Uie ratio of 
Sl-CH^tSl-H protons was found to be 27*1 (calcd 27*1). 
The ultraviolet spectrum, determined In cyclohezane, 
showed no absorptions above 210 mu. 
Bun 2 An ethereal solution of méthylllthlum 
(0.13 mole; 85 ml. of 1.5 N) was added to 20 g. (O.O6 mole) 
of tetrakls(trlmethylsllyl) sllane In 400 ml. of THF. After 
stirring overnight at room temperature, thé greenish-yellow 
solution was hydrolyzéd with IN hydrochloric acid. Work-up 
In the usual manner and distillation of the residual oil af­
forded 12.2 g. (78.4#) of trls(trlmethylsllyl)sllane, b.p. 
81-85°/8 mm, 1.4895. 
Tetramethyl sllane was collected In a Dry Ice-acetone 
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trap and was identified by v,pêo. (%e column was at room 
temperature and the injection port temperature was 50^)* 
In ether (attempted) After stirring an ethereal solu­
tion of methyllithlum (0;03 mole) and 10 g# (0.03 mole) of 
tetral£ls(triaethylsllyl)silane overnight at room temperature » 
9*5 S» {95%) of tetrakis(trimethylsllyl)sllane was recovered 
subsequent to aold hydrolysis and work-up in the usual manner. 
In ether at reflux (attempted) After refluxlng an 
ethereal solution of methyllithlum (0*02 mole) and 5 8* 
(0.02 mole) of tetrakls(trimethylsllyl)sllane for 24 hours, 
4.2 g. (84)() of tetrakl 8( trlme thyl sllyl) sllane was recovered 
subsequent to acid hydrolysis and work-up in the usual manner. 
With two equivalents of methyllithlum in THPtether (3*1) 
A solution of 20 g; (0.06 mole) of tetrakl s ( trlmethyl-
silyl)sllane and 0.13 mole of methyllithlum in 285 ml. of TSF; 
ether (3:1) was stirred overnight at room temperature. The 
yellow solution was hydxolyzed by addition to a mixture of 
Ice and 10^ hydrochloric acid. Work-up in the usual manner 
gave 12;2 g. (78.4^) of trl8( trlme thyl sllyl) sllane, b.p. 81-
85®/8 mm, 1.4895: 
Tetrakls(trlmethylsllyl)sllane with phenyllithium 
In THF*ether (4*1) A solution of 0.09 mole of phenyl­
lithium and 26 g. (0108 mole) of tetrakis(trlmethylsllyl)sll­
ane in 500 ml. of THF*ether (4*1) was stirred overnight at 
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temperaturei Work-up of the red reaction mixture In the 
usual manner, subsequent to add hydrolysis, gave an oil 
which was distilled to gi?e 10;5 g; (84.5#) of trimethyl-
phenylsilane, b.p. 172-173°, n^°'^ 1.4880 (Lit. (40) b.p. 
171,4*; 1:4904) and 10Ù7 S» (51.5/^) of tris(trimethylsilyl)-
silane, b;p. 95-100°/17 mm, 1.4935* Prom the residue 
of distillation, there was obtained 4 g. (15*1#) of recovered 
tetraki8(trimethylsilyl)silane, subsequent to crystallization 
from acetone. 
Tetraki8(trimethylsilyl)silane with triphenylsilvllithium 
To 10 g. (0.03 mole) of tetrakis(trimethylsilyl)silane 
in 150 ml. of THF was added tri phenyl sllylli thium (O.O3 mole) 
and the reaction mixture was stirred for 18 hours at room 
temperature. After this time v.p.c. of a hydrolyzed aliquot 
of the purine-colored solution indicated an area ratio for 
tris(trimethylsllyl)silane ttetraki s(trimethylsilyl)silane of 
9*1. ïhere appeared to be no change in ttiis ratio after stir­
ring for an additional 20 hours. The reaction mixture was 
hydrolyzed by addition to a mixture of ice and IN hydrochloric 
acid. Work-up of the organic layer in the usual manner gave 
an oil from which 8 g; of impure 1, 1, l-trimethyl-2, 2, 2-
triphenyldisilane crystallized. Purification by crystalli­
zation from 95# ethanol gave 6.5 g. (70#) of the pure com­
pound, m.p. 107-109® (mixed m.p.). 
Distillation of the residue afforded 3.1 g. (45#) of 
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tris(trlmethylsllyl)sllane, b.p. 90-95Vl0 mm, 1.4901 
and a vlscuous liquid. V.p.c. of the liquid showed only the 
presence of tetrakl8(trlmethylsllyl)sllane and trls(trlmethyl-
sllyl)silane (area ratio of 10*7). ®iere was no evidence for 
trlphenylsllaneJ triphenylsllanol or hexaphenyldlslloxane-
The yields were based on the amount of unrecovered 
tetrakls(trlmethylsllyl)sllane. 
Another experiment was carried out, using a procedure 
Identical to that above, but the reaction mixture was stirred 
overnight. Prom the reaction mixture there was obtained 51^ 
of 1, 1, l-trlmethyl-2, 2, 2-trlphenyldlsllane, m.p. 107-
109® (mixed mip.) and 52^ of trls(trlmethylsllyl)sllane, b.p; 
94-96^/10 mm, n^^^ 1.4891. Some unreacted tetrakls(trl­
methyl sllyl)sllane was detected by v.p.c. 
Methylllthlum was freshly prepared In ether and the solu­
tion was decanted from the excess lithium under nitrogen Into 
an addition funnel. Double titration using allyl bromide 
gave the concentration of the silylllthlum compound and the 
alkoxlde base. Only solutions In which the amount of alk-
oxlde base was relatively low (ça. 2 equivalents or less per 
15 equivalents of total base) were considered satisfactory 
for synthetic purposes. 
Reactions of Trls(trlmethylsllyl)silylllthlum 
General^piQcedure for the preparation of trls(trlmethyl 
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Tri 8( trimethylsllyl ) sllylllthiim was prepared by stir­
ring a THF «ether (4*1) solution of te traki s ( trime thyl silyl )-
silane and a 10^ molar excess of methyllithium at room tem­
perature until ••'p;o« of a hydrolyzed aliquot indicated a 
ratio of tri s(trimethyl silyl) silane t te traki s(trimethyl-
silyl)silane of at least lOOti. In general, this condition 
was satisfied within 24 hours; but if not, a 10^ molar excess 
of methyllithium was added and the reaction mixture was con^ 
tinuously stirred at room temperature. The pale greenish-
yellow colored solution was transferred to an addition funnel 
under nitrogen and the concentration was determined by double 
titration using allyl bromide. The silyllithium solution 
was used within one or two days. 
Tris(trimethylsilyl)silyllithium with trimethyl phosphate 
To a stirred solution of 16;8 g, (0.12 mole) of trimethyl 
phosphate in 40 ml. of THF was added dropwise a TSFsether 
(4il) solution of tri s( trimethyl silyl) silyllithium; Upon com­
plete addition (ça. 1 hour), Oolor Test I was negative# The 
white reaction mixture was hydrolyzed by addition to a mix­
ture of ice and 10^ hydrochloric acid, nie organic layer 
was separated and the aqueous layer was extracted with ether. 
The combined organic layers were dried over sodium sulfate 
and the solvents were removed under reduced pressure. Dis­
tillation of the residue gave 20.1 g. (76.5^) of tris(tri­
methyl silyl) me thyl silane, b.p. 94-96®/? mm, m.p. 57-59®. 
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Anal Calcdi for SI, 42.8; Mol. Wt., 26). 
Founds 81, Kol. Wt., 26?. 
!Bie Infrared spectrum (oarbon disulfide) showed absorp­
tion bands In ju ati 3.38 (m), 3.45 (m), 6.95 (w), 7,1? (w), 
7.66 (w), 8.06 (s), 8.43 (*), 12.00 (s), 12183 (s), 13.46 (w), 
14.75 (*) and 14.60 (m). 
nie n.m.r. spectrum, detexmlned In acetone at 80°, con­
sisted of a singlet at 9*90 t (3 protons) and 9*83 t (27 pro­
tons) for the silicon-methyl protons at a sweep width of 50 
CPS. An Integrated area was found to be 6*1 (oalcd. 9*1) 
see Discussion part ; Tetramethylsllane was used as the in­
ternal standard. 
The ultraviolet spectrum consisted of the following 
bands* j^^lohexane 207.5 mu (e 13,100, shoulder), 23I.5 mu 
( g 2,935, shoulder) and 277*5 mu (g 1,945). 
g^s(trimethylsilyl)silyllithium with chlorodimethylphenyl-
sllane 
To a solution of 19.6 g. (0.12 mole) of chlorodimethyl-
phenylsilane in 40 ml. of ether was added dxopwise a THF* 
éther solution of tris(trlmethylsilyl)sllylithium (0.12 mole; 
200 ml. of 0.58 N) at room temperature; Upon complete addi­
tion, the white reaotlon mixture was stirred for an additional 
hour at room temperature. Work-up in the usual manner gave 
a semi-solid from which 3O.7 g. (70#) of tris(trlmethylsilyl)-
(dimethylphenylsllyl)silane m.p.- I9O-I9O.5* was obtained, sub­
sequent to crystallization and sublimation. The transition 
65 
and solidiflcation points (see Discussion part) were found 
to be 185® and 184®, respectively; 
Anal: Calcd. for C^^H^gSi^» Si, 36.7; Mol. Wt., 383. 
Pound; 81, 36;?» 36.7; Mol. Wti, 38I. 
The infrared spectrum (carbon disulfide) showed absorp­
tion bands in ju at* 3;27 (m, shoulder), 3*38 (m), 3*^5 (m), 
7,2 (m), 7.7 (w), 8,06 (s), 9.06 (s), 11,1 (m, shoulder), 
12.2 (s), 13.22 (s), 13.42 (m), 13.70 (s), 14.37 (s) and 
14165 (s). 
nie n.m.r. spectrum (carbon disulfide) consisted of a 
singlet at 9.75 t (27 protons) and 9.41 t (6 protons) for the 
silicon-methyl protons, and a multiplet centered at 2.91 t 
(5 protons) for Idle silloon-#:enyl protons. %e area ratio 
was found to be 5;6;27l05 (calcd. 5t6:27); 
The ultraviolet spectrum consisted of a band at 
j^olohexane 239 mu ( g 16,130)." 
Tri s(trimethylsilyl)silyllithium with chlorodiphenylmethyl-
silane 
To 23;3 g. (0.1 mole) of chlorodiphenylmethylsilane in 
50 ml. of ether was added dropwise a THF % ether solution of 
trls(trimethylsilyl) silylli thium (0.1 mole) at room tempera­
ture. Upon complete addition (^. 2 hours), the mixture was 
stirred for an additional hour. Work-up of the reaction in 
the usual manner gave an oil which was chromatographed on 
alumina. Elution of the column with petroleum ether (b.p. 
60-70*) gave, after two recrystallizations from acetone. 
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26 g. (64.4^) of trls(trlmethylsilyl)(dlphenylmethylsilyl)-
sllane, 187-187;5®; The transition and solidification 
points (see Discussion part) vere found to be 185°. 
Anal Calod for OggH^Si^* Si, 31.7; Mol. Wt., #4. 
?v?»«4î 51 î 31-5. 31.7; îfol. Wt. 444. 
Ohe infrared spectrum (carbon disulfide) showed absorp­
tion bands in u att 3*26 (m, shoulder)» 3*38 (m)$ 3*45 (m), 
7.2 (w), Z.7 (w). 8.06 (s), 8.43 (*), 9-08 (s), 9.74 (w), 
10.1 (w), 11.15 (m, shoulder), 12.15 (s), 12.88 (s), 13.68 
(s), 14.15 (8), 14.35 (s), 14.63 (s) and I5.O6 (w). 
Thé n.m.r. spectrum (carbon disulfide) consisted of a 
singlet at 9183 t (27 protons) and 9^20 t (3 protons) for the 
silicon-methyl protons, and a multiplet centered at 2.55 t 
(10 protons) for the aromatic protons; The aliphatic*aromatic 
ratio was found to be 30tl0.1 (calcd. 30:10). 
The ultraviolet spectrum consisted of a band with a 
j^olohexane 238 0» (£ 18,815). 
Tri8(trimethylsilyl)silvllithium with chlorotriohenylsilane 
To 30 g. (0.1 mole) of chlo ro triphenylsilane in 50 ml. 
of ether was added dropwise a THFtether solution of tris(tri­
me thylsilyl) silylli thium (0.1 mole) at room temperature. 
Upon complete addition, the white colored reaction mixture 
was stirred for an additional hour at room temperature. Acid 
hydrolysis of the reaction mixture followed by the usual 
wo3^-up gave 39 g. (78#) of, crude trls(trimethylsily3)Xtri-
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phenylsllyl)sllane, mip, 248-252®, Becrystalllzatlon from 
ethyl acetate gave 35.1 g. (70#) of pure compound, m.p. 287-
189®9 The transition and solidification points (see Discussion 
part) were found to be 280 and 287®, respectively; 
Anal Calcd, for Si, 27.7; Moli Wt., 507. 
Pound: Si, 27.4, 27:6; Mol. Wti, 506. 
The infrared spectrum (carbon disulfide) showed absorp­
tion bands in u at; 3i27 (m, shoulder), 3.39 (m), 3.45 (w), 
7.2 (w), 7.7 (w), 8.07 (s), 8:46 (w), 9.11 (s), 9.73 (w), 
10.2 (w), 11.66 (m, shoulder), 12.1 (s), 13.62 (s), 14.35 (s), 
and 14.65 (s). 
%e n.m.r. spectrum (carbon disulfide) consisted of a 
singlet at 9.78 t for the silicon-methyl protons and a multi­
plet for the aromatic protons centered at 2.48 t: The ali­
phatic: aromatic proton ratio was found to be 27*15 (calcd. 
27:15). 
The ultraviolet spectrum consisted of a shoulder at 
j^cloheiane 235 mu ( 23,200). 
Tri s( trimethylsilyl)silylli thium wlth chlorodimethylsilane 
To 5:3 g* (0.06 mole) of chlorodimethylsilylsilane dis­
solved in 250 ml. of ether, cooled to 0®, was added a THF: 
ether solution of tris(trimethylsilyl) silylli thium (0.06 mole). 
Upon complete addition, the reaction mizture was stirred for 
an additional hour at room temperature: Acid hydrolysis of 
the reaction mixture followed by the usual work-up gave 6.3 g; 
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(36.8#) of tri.s(trimethylsllyl)(dimethylsll3rl)sllane, subse­
quent to êrystalllzatlon from absolute ethanol followed by 
sublimation. Oils compound sublimes completely at 200^. 
Anal Calod. for Mol. Wti, 307; Pound* Mol. 
Wt., 334. 
The Infrared spectrum (carbon disulfide) absorption 
bemde In ju at* 3.39 (m), 3.^5 (w), 7.20 (w), 8.05 (s), 11:35 
(w)t 12.00 (s); 13.40 (w), and 14.08 (w). The weak absorption 
band at 9.3 M (31-0) Indicates that the sample contains a 
small amount of some slloxane; 
Trl8( trlmethylsllyl) sllylllthlum with carbon dioxide 
Trl8(trlmethylsllyl)sllylllthlum (0.1 mole) was added 
slowly to a Dry Ice-ether slurry. %ie mixture was allowed 
to warm to 0° subsequent to hydrolysis by addition to a 
saturated aqueous solution of ammonium chloride. %e organic 
layer was separated and dried over sodium sulfate. subse<=> 
quent to the removal of solvents under reduced pressure, a 
semi-solid compound was obtained; Prom this material, 20.5 g. 
(72#) of trls(trlmethylsllyl)sllanecarboxyllc acid was ob­
tained, subsequent to Crystallization from oold petroleum 
ether (b.p. 6O-7O*). The acid turned to a cloudy liquid at 
131® and this liquid became clear at 136°. Decomposition 
with Idle evolution of carbon monoxide, as detemined by the 
procedure of Nowioki (98) was observed at 214°. 
An infrared spectrum (CS2) showed absorption bands in 
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p. ati 3.37 (m), 3:45 (w), 5.95 (m), 6;l3 (s), 8.05 (s), 8.45 
(w)f 8.50 (w), 9.45 (w), 12.00 (sj, 13.35 (w) and 14;50 (m). 
There was also present a broad absorption band (3.07-3.65 /%), 
assigned to the -OH group of -COOH. 
The n.m.r. spectrum consisted of a singlet at 9.72 t for 
the silicon-methyl protons and at -0.02 t for the carbozylic 
acid proton. An integration of the areas was found to be 
35 (calcd; 27). 
Another run employing 0.01 mole of trls(trimethylsilyl)-
silylllthium afforded 26 g. (89^) of the acid subsequent to 
crystallization from cold acetone; A mixture melting point 
was not depressed. 
Tri s(trimethylsilyl)silyllithium with fluorene 
To 13.5 g. (0.08 mole) of fluorene in 50 ml. of THP was 
added at one time 525 ml; of 0.I5 M solution of tris(tri­
me thyl silyl) silyllithium (0.08 mole). The reaction mixture 
immediately turned orange and was stirred overnight at room 
temperature. Oolor Test I was positive and the reaction mix­
ture was carbonated by pouring onto a Dry Ice-ether slurry.' 
After allowing the mixture to waim to 0^, dilute hydrochloric 
acid was added. The organic layer was separated and the 
aqueous layer extracted several times with ether. The com­
bined ethereal layers were extracted with 400 ml. of 5% 
sodium hydroxide in several portions. The basic extract was 
boiled to remove traces of THP, then acidified with 10^ 
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hydrochloric acid. Filtration afforded a solid product which 
was recrystallized from glacial acetic acid to give 12*3 g; 
of crude fluorene-9-carbozylic acid, m.p. 223-226®. A second 
recrystallization from the same solvent gave 11.9 g» {70%) 
of pure acid, m.p. 228-230* (mixed m.p.). In addition, about 
2 g. of an Insoluble solid was obtained. 
ïhe organic layer was dried over sodium sulfate subse­
quent to the removal of solvents under reduced pressure. Ihe 
residual oil was chromatographed on a column of alumina. 
Elution with petroleum ether (b;p; 60-70®) afforded 10.9 gl 
(81.5^) of tetrakl8(trimethylsilyl)sllane, subsequent to 
crystallization from acetone. 
A repeat of this reaction gave an 83^ yield of the acid, 
m.p. 228-230® (mixed m.p. ). 
General procedure for comparative metalatlon reactions 
of fluorene To 8.3 S* (0.05 mole) of fluorene in 38O ml. 
of THF, cooled to 0® with an ice-salt bath, was added at one 
time 140 ml. of a 0.35 N solution of tris( trimethylsilyl)-
silyllithium (O.O5 mole). The solution was stirred for l;5 
hours with the temperature maintained between 0® and 5*f 
prior to carbonatlon by addition to a Dry Ice-ether slurry. 
After allowing the mixture to warm to 0®, dilute hydrochloric 
acid was added. The organic layer was separated and the 
aqueous layer extracted several times with ether. Thé com­
bined ethereal layers were extracted with 400 ml. of 5% 
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sodium hydroxide in several portions. The basic extract was 
boiled to remove traces of THF, and acidified with 10^ hydro­
chloric acid. Filtration afforded a solid product which, 
after two recrystallizations from glacial acetic acid, gave 
5*2 go (51^) of fluorene-9-carboxylic acid, m.p. 228=230* 
(mixed m.p.). 
Another experiment was carried out employing 1$0 ml. of 
a 0,28 H solution of trl8(trimethylsilyl)silyllithium (0.04 
mole) and 6.9 g. (0.04 mole) of fluorene. After three re* 
crystallizations from glacial acetic acid, 3*9 g. (44.4^) of 
fluorene-9-carboxylic acid, m.p. 229-231° (mixed m.p.) was 
obtained. 
Tris(trimethylsilyl)silyllithium with THF 
A solution of tris(trimethylsilyl)silyllithium in 275 
ml. of THF was heated at réflux temperature for 4 days. After 
this time, the reaction mixture was hydrolyzed by addition 
to a mixture of crushed ice acidified with IN hydrochloric 
acid. The organic layer was separated and dried over sodium 
sulfate. Subsequent to the removal of solvents under re­
duced pressure, the residual oil was chromatographed on a 
column of alumina. Elution with petroleum ether (b.p. 60-
70°) gave a small amount of a solid, identified by v.p.c; as 
tetrakis(trimethylsilyl)silane. Further elution with ethyl 
acetate followed by distillation of the combined fractions 
afforded a liquid, b.p. 175-180^/13 mm. V.p.c. ohromato-
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graphy Indicated the presence of two compounds In approxi­
mately equal amounts; An l$r, spectrum of the liquid mixture 
showed the following absorptions In jut 3;40 (m), 3,45 (m), 
5.75 (s), 6.95 (w). 7.2 (w). 7.32 (w), 8.05 (s), 9,45 (m), 
9.70 (m), 12,00 (s), and 13.40 (w). 
%e rate of reaction of trisCtrlffiethylellyPsUylllthlua 
with TSF Hie rate of réaction of trl8(trimethylsilyl)silyl-
lithium with THF was determined at room time by periodically 
withdrawing a 5 ml; aliquot of the solution and detexmining 
the concentration by double titration using allyl bromide; 
The change in molarity as a function of time and the first-
order rate contant for each consecutive determination are 
given in Table 5. 
Table 5. The rate of reaction of tris(trimethylsilyl)8llyl-
lithium with THF 
Detemiaatlea 
No, 
Time 
(hours) 
Molarity k, x 
(mole/liter) 
10""^ hours** 
1. 0 a. 198 
2. 23 0.200 
3. 71 0.196 0.41 
4. 99 o.ia9 1.3 
5. 124 0.183 1.3 
6. 148 0.177 1.3 
7. 171 0.172 1.3 
8. 242 0.162 0.82 
9. 650 0.100 i;2 
lo; 1202 0.020 0.3 
®Nb rate constant was oaloulated because the concentra-
tion apparently increased. 
73 
The rate of reaction of trl8( trimethylsllyl ) silylllthitm 
-with THF was found to follow pseudo first-order kinetics from 
0;196 to 0,100 M (see Figure 1), The low value, 0.82 % 10*^ 
hours"^» for dèteimination No* 8 is probably due to an ex­
perimental error. The average rate constant was calculated 
to be 1.3 I 10"^ hours"^ (using k values for detezminations 
5. 6, 7 and 9). 
Tris(trimethylsilyl)silyllithium with 1. 1. l-trimethvl-2. 2. 
2-irlphenyldisllane^ 
Tri8(trimethylsilyl)silyllithium (0.02 mole) and 5*6 g. 
(0.02 mole) of 1, 1, l-trimeth9rl«2, 2, 2-triphenyldisilane 
dissolved in 125 ml. of THF were stirred overnight at room 
temperature. After this time, the reaction mixture was hy-
drolyzed by addition to a mixture of ice and IN hydrochloric 
acid; The organic layer was separated and dried over sodium 
sulfate prior to the removal of solvents under reduced pres­
sure. The residual oil was distilled to give 3 g» (73^) of 
tri s ( trime thyl silyl ) si lane, b.p. 99-103Vl7 mm, 1.4889. 
ISie residual solid was chromatographed on a column of 
alumina. KLution with petroleum ether (b.p. 60-70^) gave 
4 g. (75^) of unreacted 1, 1, l-trimethyl-2, 2, 2-triphenyl­
di silane, m.p. 107-109* (mixed m.p.) and 1 g. (19^) of tetra-
kis(trimethylsilyl)silane. There was no evidence for tri-
phenylsilane, triphenylsilanol or hexaphenyldisiloxane. 
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Trls( trimethylsllyPsUylllthlma with bromobenzene 
Œb 10*7 g, (0,07 mole) of bromobenzene dissolved In 50 
ml. of THF was added dropwlse a THF:ether solution of trls-
(trlmethylsllyl)sllylllthlum (O.O7 mole). Upon complete ad­
dition (ça® la< hours)} the reaction misture was stirred 
overnight at room temperature. Color Test I was negative and 
the reaction mixture was hydrolyzed by addition to a mixture 
of ice and 10^ hydrochloric acid. Subsequent to work-up in 
the usual manner, 11.2 g, (55/^) of starting material was 
recoverede 
Spectral Determination of 
Tri s(trlmethylsllyl)sllyllithium 
Ultraviolet 
Trls(trlmethylsllyl)sllyllithium was prepared in the 
usual manner by the reaction of tetrakis(trlmethylsllyl)silane 
and methyllithlum. Subsequent to a complete reaction, 
ether was removed by distillation and the sllylllthlum solu­
tion was transferred under nitrogen to an addition funnel. 
V.p.o. of a hydrolyzed aliquot indicated sui area ratio of 
trls(trlmethylsllyl)silane ttetraki s(trimethylsllyl)silane of 
ca. 150si. A few milliliters of the sllylllthlum solution 
was diluted to the desired concentration with THF in a nitro­
gen-filled dry box. The quartz ultraviolet cell was filled 
with the sllylllthlum solution and sealed with paraffin wax. 
Hie spectrum of this solution showed bands at 370 mu 
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( £'^'10,000), 295 mu (£'^ 22,000) and a shoulder at 236 mu 
( 6,000). 
N.m.r. 
Trls(trliBethylsllyl)sllyllithium was prepared in the 
usual maimere The silyllithium solution was concentrated by 
distillation to 2 M (detexmined by double titration using 
allyl bromide). This solution was transferred under nitrogen 
to an n.m.r. capillary tube and sealed* The n.rn.r. spectrum 
of the THF solution of tris(trimethylsilyl) silyllithium, 
using cyclohexane as the internal standard, contained a sing­
let at 9*93 t. Except for the expected multiplets due to 
THF (99), there were no other absorptions present. 
Color Test I of Tris(trimethylsilyl)silyllithium 
General procedure 
About i ml. of trlg( trlmethylsilyl)silyllithium was ad­
ded to an equal volume of a 1^ solution of Hiohler's ketone 
in dry benzene at room temperature. The solution was shaken 
and hydrolyzed by the addition of 1 ml. of water. The 
hydrolyzed solution was oxidized with a solution of iodine 
in glacial acetic acid. A positive test was determined by 
the developnent of a green colored organic phase. The results 
of this test are summarized in Table é; 
Table 6* Oolor Test I of trls( trimethylsilyl) sllyllithliun 
^ Iodine in 
glaoial 
acetic acid 
Amount of 
iodine-acetic acid 
solution used 
(drops) 
Color of 
organic layer 
Color of 
aqueous layer 
Conclusion 
0.2 20 reddi sh-brown violet negative 
10.0 20 reddi sh-brown greenish-blue negative 
20.0 6 green greenish-
yellow 
positive 
30.0 3 green greenish-
yellow 
positive 
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Preparation of Methyl Trls(trlmethylsllyl)sllaneoarboxylate 
From trls(trlmethylsllyl)sllaneoarboxyllc acid and dlazomethane 
Diazomethane (ca« 0.03 mole) was generated by a reaction 
between M, N*-dlnitroso-N, N*-dimethyl terephthalamide and sodi­
um hydroxide in ether. To this yellow ethereal solution of 
dlazomethane was added very slowly 5 S» (0,02 mole) of tris-
(trlmethylsllyl)sllanecarbozyllc acid at 0® to There 
was evolution of nitrogen, and upon complete addition, the 
yellow solution was allowed to stand for 1 hour at 0® to ^• 
On removal of the excess dlazomethane and ether, 4.4 g. 
(84.5#) of impure methyl tris(trimethylsilyl)sllanecarboxylate 
was obtained subsequent to crystallization of the solid resi­
due from cold petroleum ether (b.p. 60-70°). When Inserted 
in the melting point block at 84°, the ester changed to a 
cloudy liquid at 91° and the liquid became clear at 96°. 
%e rate of heating was ca. l°/min. 
An Infrared spectrum (ceœbon disulfide) showed absorption 
bands in u at: 3.37 (m), 3*^5 (m), 6.00 (s), 6.I3 (s), 9.05 
(s), 8.35 (w), 8.50 (w), 9.13 (s), 9.45 (w), 12.00 (s), 12.75 
(w) and 14.50 (s). 
The n.m.r. spectrum (carbon disulfide) contained singlets 
at 9*78 t and 9*72 t for the silicon-methyl protons and at 
6.43 t for the methoxy protons. An integration of the areas 
was found to be 18 (calcd. 9)(See Discussion part). 
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Preparation of B18(trlmethylsllyl)methylsllane 
From trls( trlmethylsllyDmethylsllane and methylllthima 
To 15.8 g. (0.06 mole) of trls(trlmethylsllyDmethyl­
sllane dissolved In 200 ml. of THF was added an ethereal solu­
tion of aethyllithlmi (O0O7 mole), Ether was removed by dis­
tillation and the reaction was stirred for ça® 36 hours at 
room temperature. After this time the pale greenish-yellow 
solution was hydrolyzed by addition to 120 ml. of IN-hydro-
chloric acid. %e organic layer was separated and the aqueous 
layer was extracted with ether. The combined organic layers 
were dried over sodium sulfate. Subsequent to the removal 
of the solvents under reduced pressure, an oil was obtained 
which was distilled to give 10.6 g. (83#) of bis(trlmethyl­
sllyDmethylsllane, b.p. 64-66°/23 mm, n^^^'^ 1.4610 Lit. 
(100), 59V2I mm, ng^° 1.4616. 
Reactions of Bis(trimethylsllyl)methylsllyllithium 
General procedure for the preparation of bis(trlmethylsilyl)-
methylsilyllithium 
A 10^ molar excess of methyllithium was added to a THF 
solution of tris(trlmethylsllyDmethylsllane. The ether was 
removed by distillation and the reaction mixture was stirred 
at room temperature until v.p.c. of a hydrolyzed aliquot in­
dicated a ratio of bls(trlmethylsllyl)methylsilanettris(trl­
methylsllyDmethylsllane of at least 100jl. In general, this 
condition was satisfied within 48 hours; but if not, a 10^ 
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molar excess of methylllthltim was added and the reaction mix­
ture was continuously stirred at room temperature* The pale 
greenish-yellow solution was transferred to an addition fun­
nel under nitrogen and the concentration was determined by 
doublé titration using allyl bromide. The silyllithium solu­
tion was used within one or two days. 
BisCtrimethylsilyl)methylsilyllithium with chlorodimethyl-
phenylsilane 
A THF solution of bis(trimethylsilyl)methylsilyllithium 
(0.039 mole) was added dropwisé to 6.8 g. (0.04 mole) of 
chlorodimethylphenylsilane dissolved in 50 ml. of ether. 
(Hie greenish-yellow color of the silyllithium solution was 
discharged instantaneously and upon complete addition, the 
reaction mixture was stirred for an additional hour at room 
temperature. Work-up of the reaction mixture in the usual 
manner afforded a liquid which was distilled to give 6.5 g. 
(51#) of Impure bis(trimethylsilyl)(dimethylphenylsilyl)« 
methylsilane, b.p. 128-i30®/3*7 mm, 1*5370. The com­
pound was chromatographed on alumina. Elution with petroleum 
ether (b.p. 60-70*) afforded, subsequent to distillation, 
5.9 g# (47#) of pure bis(trimethylsilyl)(dimethylphenylsilyl)-
methyl silane, b.p. 138-139**/3*5 mm, 1.5382, 
^^ 20.3 0.8740. 
Anal Calcd. for Mol. Wt., 325; MBjj, 113.2i 
Pound: Mol. Wt., 328; MBjj, 113.6. 
The infrared spectrum (neat) showed absorption bands 
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in n at; 3.25 (*), 3*37 (m)» 3.^5 (*)» 7.0 (w), 8.03 (s), 
9.04 (m), 12;00 (s), 12.83 (s), 13.13 (*)» 13.68 (m) and 
14.34 (m). 
The m.m.r. spectrum (carbon disulfide) consisted of 
singlets at 9.99 t, 9.88 t and 9.59 t for sillcon«methy1 
protons a, b and c, respectively; 
The multiplet, centered at 2.73 t was assigned to the aromatic 
protons. An Integration of the areas gave a ratio of 5 (aro­
matic) ;5.9 (protons c);20.5 (protons a and b) calcd. 5*6*21 . 
It was not possible to Integrate areas for the ratio of pro­
tons a and b separately, because of their close resonance 
frequencies (see Discussion part). 
The ultraviolet spectrum consisted of a band at 
B1 sf trlmethylsllyl)methylsllylllthlum with chlorodlphenyl-
methylsllane 
A THF solution of bls( trlmethyl sllyl )methyl8llylll thlum 
(0.04 mole) was added drppwlse to 9.3 g. (0.04 mole) of 
chlorodlphenylmethylsllane dissolved In 50 ml. of ether at 
room temperature. The greenish-yellow color of the sllyl-
11 thlum solution was discharged Instantaneously and,upon 
complete addition (^. 1.5 hours), the reaction mixture was 
stirred for 1 hour at room temperature. At this stage, the 
reaction mixture was hydrolyzed by addition to a mixture of 
(») OH <?) (=) 
J^oloheiane ( £ 13,500). 
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ioe and 10% hydrochloric acid; Work-up of the organic layer 
In the usual manner afforded a liquid* Distillation of this 
material gave 10.3 g. (76#) of bls(trlmethylsllyl)(dlphenyl-
methyl8llyl)methylsllane, b.p. 148-151°/0.8 mm» 1.5750, 
d/°'^  0:9516. 
Anal: Calcd. for CgoB^^Sl^; Mol. Wt., 387; MR^, 133.9. 
Pounds Mbl. Wt., 387; MB^, 133.4. 
An Infrared spectrum (neat) showed absorption bands In 
ti at; 3.25 (*)» 3.38 (m), 3.45 (*). 7.00 (m), 8.O3 (s), 9.05 
(s), 11.99 (s), 12.77 (s), 12.90 (s), 13.66 (s), 14.08 (m) 
and 14.34 (s). 
%e n.m.r. (carbon disulfide) consisted of singlets at 
' 9.99 t, 9.76 t and 9^30 t for the sillcon-methyl protons a, 
b and c, respectively* 
(The multiplet, centered at 2:68 t, was assigned to the aro­
matic protons: An Integration of the areas gave a ratio of 
10.5*3*3*18.03 (calcd. 10;3;3;18): Cyclohezane was used as 
the Internal standard. 
The ultraviolet spectrum consisted of a band at-
B1s(trlmethylsllyl)methylsllylllthlum wlth chlorotrlphenyl-
sllane 
A THP solution of bls(trlmethylsllyl)methylsllylllthlum 
(0.04 mole) was added <^pwlse to 12.4 g. (0.04 mole) of 
238.5 m ( e 17,400) 
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chlorotrlphenylsllane dissolved In 50 ml. of ether at room 
temperature. The greenish-yellow color of the sllylllthlum 
solution was discharged Instantaneously and, upon complete ad­
dition, the reaction mixture was stirred for 1 hour at room 
temperatureo At this stage, the reaction mixture was hydro® 
lyzed by addition to a mixture of ice and 10% hydrochloric 
' acid. Work-up in the usual manner afforded a liquid which 
was chromatographed on alumina. Elutlon of the column with 
petroleum ether (b.p. 60-70®) gave 12.5 g. (72^) of bis(tri­
me thylsilyl) (trl phenyl silyl)methylsllane 9 m=po 66-6?®9 sub­
sequent to crystallization from acetone. 
Anal. Calod. for Mol. Wt., #9. Pound* 
Mol. Wt., 448. 
The Infrared spectrum (carbon disulfide) showed absorp­
tion bands in jx at* 3.26 (w), 3.38 (m), 3.45 (w), 7.I8 (w), 
7.97 (m), 8.06 (s), 8.45 (w), 9.08 (s), 9.74 (w), 10.03 (w), 
12.00 (s), 12.76 (s), 13.6 (s) and 14.35 (s). 
The n.m.r. spectrum (carbon disulfide) consisted of 
singlets at 10.00 t and 9.72 t for the sillcon-methyl protons 
a and b, respectively* 
Rie multiplet, centered at 2.7 t, was assigned to the aro­
matic protons. An integration of the areas gave a ratio of 
18*14.9*3 (calcd. 18*15*3)• Cyclohexane was used as the in­
ternal standard. 
(a) OH,'*"' 
•«-a 
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The ultraviolet spectrum consisted of shoulders at 
j^olohexane 23Q js^ t 22,000), 266.5 nyi ( S 5,890) and 
273.5 y ( & 2,815). 
Bls(trlmethylsllyl)methylsllylllthium with carbon dloilde 
Run 1 (base extraction) A TEP solution of bls(trl-
methylsllyl)methylsllylllthlum (0,08 mole) was added slowly 
to a Dry Ice-ether slurry. The mixture was allowed to warm 
to ça. 0® prior to acidification with 10^ hydrochloric acid, 
dhe organic layer was separated and extracted very rapidly 
with 400 ml. of cold 5^ sodium hydroxide. Acidification of 
the basic extracts was followed by ether extraction. Sub­
sequent to drying of the combined organic layer over sodium 
sulfate, the solvents were removed under reduced pressure 
to give 7 g. of crude bls(trlmethylsllyl)methylsllanecarb-
oxyllc acid, m.p. 88-91°. Crystallization from cold petro­
leum ether (b.p. 60-70°) afforded 6.3 g. (50.4^) of pure com­
pound, m.p. 90-92°. %ls compound did not decompose at Its 
melting point. However, when heated to ca. 170°, evolution 
of carbon monoxide was observed, as deteimlned by the pro­
cedure of Nowlckl (98). 
Anal. Calcd. for Mol. Wt., 235; Pound: Mol. 
wt., 237. 
An Infrared spectrum (G82) showed absorption bands In ^  
at: 3.39 (m), 5.95 (w), 6.11 (s), 8.06 (s), 8.33 (m), 8.5 (w), 
9.4 (w), 11.96 (s), 12.75 (s), 13.40 (w) and 14.38 (m). There 
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was also present a broad absorption band (3.05-317 ») for 
the -OH group of the -COOH. 
The n.m.r. spectrum (CS2) showed singlets at 9.83 t and 
9,79 t for the silicon-methyl protons a and b, at a sweep 
An integration of the areas gave a ratio of 18s 3 (oalcdt 181 
3). At a 500 cps sweep width, the singlets at 9.82 t, 9.78 t 
and -1.95 t were assigned to protons a, b and c, respectively. 
An integration of the areas gave a ratio of 20.6 (protons a 
and b);l (proton c) oalcdt 21*1 . It was not possible to 
integrate the areas for the ratio of protons a and b, at a 
sweep width of 500 ops, because of their close resonance fre­
quencies (see Discussion part). Cyclohezane was used as the 
internal standard. 
Bun 2 (without base extraction) A THF solution of 
bis(trimethylsilyl)methylsilyllithium (0.14 mole) was added 
to a Dry Ice-ether slurry. %e mixture was allowed to wamm 
to 0°, prior to acidification with 10^ hydrochloric acid. 
The organic layer was separated and the aqueous layer was ex­
tracted several times with ether. The combined organic 
layers were dried over sodium sulfate prior to the removal 
of the solvents under reduced pressure to yield 26 g. (82#) 
of crude bis(trimethylsilyl)methylsilanecarboxylic acid, 
m.p. 82-86®, Purification by crystallization from petroleum 
width of 50 cps; (a) 
Si - COOS 
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ether (b.p. 60-70®) afforded 21.6 g. (67.8#) of pure acid, 
m.p. 91-92° (mixed m.p.), 
BlsCtrimethylsilyDmethylsilyllithium with fluorene 
General procedure for comparative metalation reactions 
of fluorene % ?o6 gè (Go05 mole) of fluorene in 38O ml. 
of THPj cooled to 0® with an icessait bath, was added at one 
time 66 ml. of 0.7 N solution of bisCtrimethylsilyDmethyl-
silyllithium (0;b5 mole). The solution was stirred for 1.5 
hours at a temperature between 0® and 5^9 then carbonated by 
pouring on to a Dry Ice-ether slurry. After allowing the 
mixture to warm to 0®, dilute hydrochloric acid was added, 
followed by several extractions with ether. The combined 
ether layers were extracted with 400 ml. of $% sodium hydroxide 
in several portions. The basic extracts were boiled, then 
acidified with 10% hydrochloric acid. Filtration afforded 
a solid product which was recrystallized from glacial acetic 
acid to give 6.3 g# of crude fluorenë-9-carboxylic acid, 
m.p. 226-232°. A second recrystallization from glacial ace­
tic acid gave 6 g. (63#) of pure acid, m.p. 228-230° (mixed 
m.p.). 
Another experiment was carried out employing the same 
molar quantities of reactants. After two recrystallizatibns 
from glacial acetic acid, 6.8 g. (70.5^) of fluorene-9-car­
bo xylic acid, m.p. 229-231° (mixed m;p.) was obtained. 
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Reactions of Bi s(trimethylsilyl)methylsilaneoarbolylic Acid 
Bis( trimethylsilypmethylsilanecarlpozylio acid with diazo-
methane 
Diazomethane 0.03 mole) was generated by a reaction 
between N, N'-dinitroso-N, N'-dimethyl terephthalamide and 
ôodium hydroxide in ether. To this yellow ethereal solution 
of diazomethane was added very slowly 4.6 g. (0.02 mole) of 
bls(trimethylsilyl)methylsllanecarboxylic acid at 0® to 5®. 
%ere was observed the evolution of a gas (nitrogen) and, 
upon complete addition, the yellow solution was allowed to 
stand for 1 hour at 0® to The excess diazomethane and 
ether was removed under reduced pressure to give an oil. 
Distillation of the oil afforded 3*7 S* (75»5/^) of methyl 
bi s(trimethylsilyl)methylsilanecarboxylate, b.p. 91-92°/ 
Anal, Calcd. for C^Hg^^Si^Cgi Mol. Wt., 249; ME^j, 79.21. 
Found: Mol. Wt., 254; MB^, 79.44. 
An infrared spectrum (neat) showed abosrption bands in 
u at* 3.39 (m), 3.45 (w), 5.97 (s), 8.04 (s), 8.50 (w), 8.99 
(s), 10.58 (w), 11.95 (s), 12.75 (s), 13.49 (w) and 14.35 (m). 
Hie n.m.r. spectrum (CS^) showed singlets at 9.86 t and 
9.78 t for the silicon-methyl protons a and b, at a sweep 
width of 50 CPS* (a) (b) (c) 
At a Bweep width of 5OO cps, the singlets at 9.8? t, 9.79 t 
and 6.5 t were assigned to protons a, b and c, respectively. 
7 mm, 1.4728, 0.8758. 
COOCH 
3 
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An Integration of the areas gave a ratio of 21.1 (protons a 
and b);3 (protons c) oalcdt 21*3 . It was not possible to 
integrate the areas for the ratio of protons a and b separately 
at a sweep width of 500 ops, because of their close resonance 
frequencies (see Discussion part)# Cyolohezane was used as 
the internal standard. 
Pyrolysis of bis(trimethylsilyl)methyl8ilaneoarboxylic acid 
Five grams (0.02 mole) of bis(trlmethylsilyl)methylsllane-
carboxylio acid was heated at 200° for 40 minutes. !Riere was 
observed an evolution of a gas, which was found to be carbon 
monoxide by the procedure of Nowicki (98)• No precipitate 
was observed when the gas was bubbled through a barium hy­
droxide solution, indicating the absence of carbon dioxide. 
Die residual liquid was distilled, affording 2.4 g. (81#) 
of tetrakis(trlmethylsilyl)dlmethyldlslloxane, b.p. 103-108®/ 
1.3 mm, n^^° 1.4815 (b.p. 110/1.0 mm, 1.4841)1. 
Bi8(trimethylsilyPmethylsilanecarboxylic acid with 95^ ethanol 
Ten grams (0103 mole) of bis(trimethyl3ilyl)methylsilane­
carboxylic acid was heated at reflux in 95# ethanol overnight, 
dhe solvent were removed under reduced pressure to give 9.1 g. 
of recovered bi s ( trime thyl sllyl )me thyl sllanecaiboxyl 1 c acid, 
m.p. 84-86®; Recrystallization from methanol gave 8.8 g. 
^B. L. Barren, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames Iowa. Infoxmation on 
the physical constants of tetrakla(trimethylsilyl)dimethyl-
disiloxane; Private communication. 1966. 
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(88#) of pure acid, m.p. 90-92 (mixed m.p,). 
Reactions of Trl8(trlmethyl8llyl)sllane 
Trlg(trlmethylsllyl)sllane with n-butylllthlum 
To 20 s. (0.07 mole) of trls(trliasthylsllyDsllans dis= 
solved In 100 ml, THF was added 0,0? mole of n-butylllthlum 
(prepared In ether). The reaction mixture Instantaneously 
turned greenish-yellow and the evolution of a gas was ob­
served» After stirring ttie reaction mixture for 2 hours at 
room température. Color Test I was negative, indicating that 
all of the n-butylllthlum had reacted. The concentration of 
the greenish-yellow solution was determined by double tltram 
tlon using allyl bromide, subsequent to derivatizatlon by 
addition to 22.7 g* (0.08 mole) of chlorotriphenylsllane dis­
solved in 100 ml. of ether. The yellow color of the sllyl-
11 thlum solution was discharged instantaneously and upon com­
plete addition (ca. 5 minutes), the reaction mixture was hy-
drolyzed by addition to a mixture of ice and 10% hydrochloric 
acid. Work-up in the usual manner gave an oil from which 
15.1 g. (43.7#) of tri s(trimethylsilyl)(trlphenylsilyl)sllane, 
m.p. 287° (mixed m.p.), subsequent to crystallization from 
petroleum ether (b.p. 60-70®). ffliis compound was also iden­
tified by its infrared spectrum. 
The mother liquor was chroma to graphed on a column of 
alumina. Elutlon with petroleum ether (b.p, 60-70°) afforded 
i;8 g. (16#) of tetrakls(trimethylsilyl)sllane, subsequent to 
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crystallization of the solid from acetone. 
TrisC trlmethylsllyPsllane with methylllthlmn In ether 
An ethereal solution of methylllthlum (0,03 mole) and 
8 g. (0.03 mole) of trl8(trlmethylsllyl)sllane was stirred 
at rsflus temperature overnights After this time, VePeC® 
of a hydrolyzed allqiiot of the white reaction ml:tare showed 
only trl s ( trlme thyl sllyl ) sllane ; and there was no peak with 
the same retention time as trl s( trlme thyl sllyl )methyl sllane. 
"Die reaction mixture was derlvatlzed by the addition 
to a mixture of 8 g. (0,03 mole) of ohlorotrlphenylsllane In 
50 ml. of ether, followed by refluzlng of the resulting re­
action mixture for 1 hour. After this time, the reaction 
mixture was hydrolyzed by the addition to a mixture of ice 
and IN hydrochloric acid. The organic layer was separated 
and dried over sodium sulfate, A liquid was obtained sub­
sequent to the removal of solvents under reduced pressure. 
Subsequent to crystallization from ethanol, 316 g, (44,6^) 
of methyl trl phenylsllane, m,p, 67-69® (mixed m,p, ), was ob­
tained, The mother liquor was distilled, affording 3*5 g, 
{31%) of trls(trlmethylsllyl)sllane, bip, 9O-93V10 mm, 
20 
n^ 1,4880, The residue from the distillation was chromato-
graphed on alumina, Elutlon with 95% ethanol afforded 1 g. 
of a solid, m,p, I3I-I38®, 
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Trls(trlmethylsllyl)sllane with phenyllithium In ether 
An ethereal solution of 8 g, (0,03 mole) of trls(tri­
me thylsllyl)sllane and phenyllithium (O.O3 mole) was stirred 
at reflux temperature overnight. After this time. Color 
Tsst I was positive and the reaction mixture was derivatized 
by addition to an excess (ca. 10#) of trlmethyl phosphate. 
QSie resulting reaction mixture was stirred for 1 hour at 
room temperature, subsequent to hydrolysis by addition to a 
mixture of ice and IN hydrochloric acid. Work-up in the 
usual manner afforded an oil» VsPoCo of this oil indicated 
the presence of trls(trlmethylsllyl)sllane, trls(trimethyl-
sllyl)methylsilane and trls(trlmethylsllyl)phenylsllane. An 
unidentified peeik with a retention time between that of 
trls(trlmethylsilyl)methylsllane and trls(trlmethylsllyl)-
phenylsllane was also present. 
Miscellaneous Reactions 
Trlphenylsllane and n-butylllthlum in THF;ether 
To 10 g. (0,037 mole) of trl^henylsllane dissolved in 
100 ml, of THF was added 40 ml. of 1.1 n-butylllthlum (0.04 
mole, prepared in ether). A white precipitate was observed 
and the reaction mixture was stirred for 2 hours at room tem­
perature, After this time, the reaction mixture was hydro-
lyzed by addition to a mixture of ice and 10# hydrochloric 
acid. Removal of the orgianic solvents gave a solid from 
which 9.4 g. (77#) of trlphenyl-n-butylsllane, m.p. 87-89° 
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(mixed m,p. ) was obtained, subsequent to crystallization 
from ethanol. 
Preparation of bi s ( trimethyl silyl ) diPhenyl silane 
From diphenyldi ohloro silane. chloro trimethylsileme 
and lithium A mixture of 3,1 g* (0,44 g.-atom) of 
lithium and a solution of 25.3 g. (0.1 mole) of diphenyl­
di ohloro silane in 110 ml, of THF was stirred at room 
temperature. After ça. 10 minutes of stirring, the reaction 
mixture turned red. At this stage, the remainder of the 
diphenyldiohlorosilaneJTHF solution was added at such a 
rate as to maintain the red color. Upon complete addition, 
(ça. 30 minutes), 21.7 g. (0.2 mole) of ohlorotrimethylsilane 
in 110 ml. of THF was added dropwise at a rate sufficient to 
maintain the red color. The addition was complete in I .5 
hours and a small amount of unreacted lithium was present. 
At this stage, enough chlorotrimethylsilane (ça. 25 ml.) 
was added to consume the unreaoted lithium and give a 
negative Color Test I. Ihe white reaction mixture was 
hydrolyzed by addition to a mixture of ice and 10^ hydro­
chloric acid. Subsequent to separation and drying of the 
organic layer over sodium sulfate, the solvents were removed 
under reduced pressure, affording a viscous liquid. Dis­
tillation of the liquid gave 8 g. of impure tris(trimethyl-
silyl) phenyl silane, b.p. 95-105®/0.01 mm, 1.5540 Lit (5) 
118-121®/0.025 mm, n^^ I.5723, The impure tri s ( trime thyl-
sllyl)phenylsilane was chromatographed on a column of 
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alimina. ELution with petroleum ether (b.p. 60-70°) gave, 
after distillation of the liquid residue, 7.5 g. of pure 
trl s(trimethylsllyl)phenylsllane, sublimes at 101-104°/ 
0,01 mm (solidified on standing to a waxy solid). The Impure 
bis( trimethylsllyl )dl phenyl sllane could not be purified by 
similar techniques. However, v.p.o. indicated a mixture 
of trl s(trimethylsllyl)phenylsilane and bls(trimethylsllyl)-
dlphenylsllane• 
The residue from the original distillation was chrom-
atographed on a column of alumina. ELution of the column 
wltAi petroleum ether (b.p. 60-70°) gave, subsequent to 
crystallization from ethanol-ethyl acetate, 6.6 g. of a white 
solid, m.p. 113-114°. 
The n.m.r. spectrum of this compound is given in the 
Discussion part; 
Preparation of hexamethyl-2. 2, 3. 3-tetraphenyltetrasllane 
To 20 g. (0.06 mole) of hexamethyl=2, 2-diphenyl-
trlsllane dissolved in I50 ml. of benzene at 0° was added 
dropwise 10.7 g. (O.I3 mole) of bromine dissolved in 100 ml. 
of benzene. Upon complete addition (ca. 3 hours), the reaction 
mixture was allowed to stir to room temperature. Benzene, 
bromotrlmethylsllane and the excess bromine were removed by 
distillation prior to the addition of 2.8 g. (0.12 g.-
atom) of sodium and I50 ml. of xylene. !Ihe reaction mixture 
was refluxed for 30 hours. After cooling the reaction 
mixture to 0°, the excess sodium was destroyed by the addition 
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of 95% ethanol and the resulting reaction mixture was 
acidified with 10^ hydrochloric acid. The mixture was 
extracted several times with ether and the ethereal extracts 
were dried over sodium sulfate. Removal of the solvents 
afforded a solid from which 11.1 g.(74^) of hexamethyl = 
2,2,3,3 - tetraphenyltetrasilane, m.p, 264-26?° (mixed 
m.p.)^ was obtained, after two recrystallizations ethyl 
acetate-ethanol solvents. 
Preparation of octamethyl - 2,2,4,4 - tetraphenylpentasilane 
To 9 g.(0.018 mole) of hezamethyl - 2,2,3,3 - tetra-
phenyl tetrasilane and 2 g.(0.28 g. - atom) of lithium was 
added sufficient THF to form a thick paste. After stirring 
for a few minutes, the reaction had started, as evidenced by 
the formation of a yellow color. Eighty milliliters of THF 
was added dropwise over a period of 30 minutes. After 
stirring the reaction mixture overnight at room temperature. 
Color Test I was positive. The reaction mixture was decanted 
away from the excess lithium into an addition funnel. The 
concentration of the silyllithium compound, (CH3)^SiSiPh2Li, 
was determined by double titration using allyl bromide. 
To 0.78 g.(0.06 mole) of dichlorodimethylsilane dissolved 
^G. L. Schwebke, Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the melting point of hexamethyl - 2,2,3,3 - tetraphenyl­
tetrasilane. Private communication, I963, 
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in 160 ml. of ether, cooled to -50°, was added the 
silyllithium compound (0.012 mole). The reaction mixture 
was stirred at -50° for 1 hour, subsequent to stirring at 
room temperature for 1 hour. After this time. Color Test I 
was negative and the reaction mixture was hydrolyzed by add­
ition to a mixture of ice and 10^ hydrochloric acid. The 
organic layer was separated and dried over sodium sulfate. 
Removal of the solvents under reduced pressure afforded an 
oil which was chromatographed on alumina. Elut ion with 
petroleum ether (b,p, 60-70°) gave 1.4 g.(4l^) of octamethyl-
2,2,4,4 - tetraphenylpentane, m.p. 97-97*5°, subsequent to 
crystallization of the solid from ethyl acetate-methanol 
solvents. 
Anal. Calcd. for C, 67.51; H, 7*79; Mol. Wt., 
569. Pound: C, 66.67, 66.86; H, 7.99, 8.19; Mol. Wt., 562. 
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DISCUSSION 
A Direct Preparation of Some Tri- and 
Tetrasllyl-substituted Organopolysllanes 
Trisilyl-substituted compounds 
Glliaan and Schwebke^ treated decaphenylcyclopentasllans 
(XL) with chlorotrlmethylsllane and lithium In THF* From 
this reaction, the following products were Isolated: tri­
me thylphenyl sllane (XLI), (trlmethylsllyl)dlphenylsllane (XLII), 
bls(trlmethylsllyl)dlphenylsllane (XLIII), trls(trlmethyl-
sllyl)phenylsllane (XLIV) and bls(trlmethylsllyl)phenylsllane 
(XLV)î 
r n THF 
[PhgSiJ + ll(GH^)^SiGl + llLl > (CH^)^SlBi + (CH^)^818lPh2H 
XL XLI XLII 
+ 2 [[CH^)^S^ SlPhg + ((CH^)^S^ SlHl + [lGH^)^8^ SlPhH 
XLIII XLIV XLV 
Compounds XLIV and XLV, unexpected products of this reaction, 
were foimed by a cleavage reaction of the silicon-phenyl bond 
of XLIII with lithium followed by derlvatlzatlon of the sllyl-
llthlum with chlorotrlmethylsllane and by acid hydrolysis, 
respectively* (CH^)oSlCl 
™ ^ ^  > XLIV + XLI 
-4XLV + C^H^ 
^G. L. Schwebke, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Information 
on the reaction between decaphenylcyclopentasllane, chlorotrl­
methylsllane and lithium. Private communication. I963. 
XLIII + 2L1 > |7cH^)^sy ^ SlPhU 
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Octaphenyloyclotetrasilane^ reacts with ohlorotrimethylsilane, 
suid lithium in a similar manner as XL. 
Prompted by these studies, reactions between a poly-
chlorinated silicon compound, ohlorotrimethylsilane and li­
thium were investigated» The reaction between diphenyldichlo-
rosilane, ohlorotrimethylsilane and lithium in THF afforded 
XLIII, XUV and a solid products 
THP 
PhgSiClg + (OHj)jSlCl + Li > XLIII + XLIV 
+ a solid product 
Although the structure of this solid compound has not been 
elucidated, its n.m.r. spectrum (Figure 1) indicated that one 
of the aromatic rings of XLIII was reduced by lithium. %e 
n.m.r. spectrum contains what appear to be 5 aromatic protons 
from 2.72 t to 2.34 t (multiplet), 1 olefinic proton centered 
at 4.0? t (doublet) and 2 olefinic protons centered at 4.85 t 
(triplet), 2 aliphatic protons from 9.00 t - 8.12 t (multiplet) 
and 53 silicon»methyl protons from 10.01 t - 9.61 t (three 
peaks). However, the presence of a double bond was not sub­
stantiated by its infrared spectrum (Figure 1). The reaction 
between dichlorodiphenylsilane, ohlorotrimethylsilane and 
lithium in THF (ether (1*9) afforded XLIII in a 60^ yield^i 
H. L. Harrell, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Information 
on the reaction between octaphenylcyclotetrasilane, chloro-
trimethylsilane and lithium. Private communication. 1963. 
^Dr. K. Shiina, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Infoimation on 
the reaction between dichlorodiphenylsilane, chlorotrimethyl-
silane and lithium in TEP*ether (1:9). Private communication. 
1966. 
Figure 1. Infrared and nuclear magnetic resonance spectra of the 
solid product 
Topi Infrared spectrum 
Bottom; Nuclear magnetic resonance spectrum 
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THF;ether (1*9) 
PhgSiClg + 2(02^)^8101 + 4L1 > XLIII 
A reaction of phenyltriohloro silane, chlorotrimethyl-
silane and llthiim in THF afforded a solid product which is 
Oie n.m.r. spectrum (Figure 2) contains what appear to be 
an olefinic proton centered at 4.12 t (doublet), the aliphatic 
protons from 8.86 - 7.88 t (multiplet) and the silicon-methyl 
protons from 9*91 - 9«75 t (triplet). The Integrated area 
ratio was found to be l;4.4;6l.5 (calcd. 1*4*63). An expan­
sion of the silicon-methyl region (Figure 2) over a sweep 
width of 50 c.p.s. indicates the presence of five nonequivalent 
trimethylsilyl groups with absorptions for the silicon-methyl 
protons at 9*95» 9.90, 9.87, 9.85, and 9.83 t in a ratio of 
1*1*1*1*3 (calcd; l*l*lslt3)« "Rie molecular weight, determined 
by mass spectrocopy, was found "to be 6I6 (calcd. 6l6)^. The 
B. L. Barren, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Mes, Iowa. Information on 
the mass spectral data. Private communication. I966. 
probably some geometric isomer of tris (trimethylsily^[^3» 4, 
5 9 6-tetraki8(trimethylsilyl)cyclohexen-l-y^ silane (XLVI), 
instead of the expected XLIV* 
PhSiCl^ + 7(GH^)-,S1C1 + 1011 + lOUCl 
PB 
SKch^)^ 
XLVI 
Figure 2, Infrared and nuclear magnetic resonance spectra of trls-
Ctrlmethylsily3nC3» 5$ 6-tetrakis(trimethylsilyl)-
cyclohexen-l-yHJ silane (XLVI) 
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Infrared spectrum (Figure 2) agrees with the proposed struc­
ture (XLVI), containing an absorption for the double bond at 
6.3 p. 
Tri8(trimethylsilyl)methyl8ilane (XL7II), together with 
tetrskls(trimethylsilyl)dimethyldi silane (XLVIII)» was 
prepared by a reaction between chlorotrimethylsilane, methyl-
trichlorosilane and lithium in USBt 
3 CH^Sia^ + 6(CH^)^SiCl + 12Li —— SiCH^ + 
XLVÎÎ 
(GH^)(("gH^)^sÏ] Si - Si[si(GH^)^^(GH^) 
XLVIII + 12 Lid 
The reaction appears to be slower and the yields of XLVII 
(ca. 40^) are lower than that of tetrakis( trimethylsilyl )-
silane (XLIX) formed under similar conditions from silicon 
tetrachloride, chlorotrimethylsilane and lithium (see Tetra-
silyl-substituted compounds) s 
THF (— — 
SiCl|^ + 4(CH^)^SiCl + 8Li ^[(CH^)^sy Si + 8LiCl 
XLIX 
Uhlike the synthesis of XLIX in which none of the higher poly-
silane, hezakis(trimethylsilyl)disilane could be isolated, 
compound XLVIII was obtained in ca^ 20^ yield. It iseems un­
likely that XLVIII is an important precursor to XLVII since 
attempts to cleave a silicon-silicon bond of XLVIII with li­
thium have failed.^ Thus, in a similar manner as XLIX, com-
B. L. Harrell, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Infozmation on 
the reaction of 8ym-tetrakis(trimethylsilyl)dimethyldisilane 
with lithium. Piavate communication. 19o6. 
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pound XLVII may result via a sequence of consecutive forma­
tions of silyllithium compounds, followed by a coupling re­
action with chlorotrimethylsilane * 
Cl^SiCH^ + Li > LiClgSiCH^ + Li CI 
L1G12S1CH^+ (OHjijSiCl ^ Clg [( CH^)^S^ SiCH^ + Li CI 
Cl2[(CH^)^S^ SiCH^+ Li > LiCl[(CH^)^S^ SiCH^ + Li CI 
LiCl[(CH^)^S^SiCH^ + (CH^)^8iCl > CI [1CH^)^8^ ^8iCH^+LiCI 
Cl[(CS^)^8^ SiCH^ + Li > Li[(CH^)^8^ ^ 8iCH^ t Li CI 
Li[]cH^)^8^ 8iCH^ + (CH^)^8iCl > XLVII + Li CI 
Tris(dimethylphenylsilyl)methylsilane was prepared by a 
reaction between methyltrichlorosilane and dimethylphenyl-
silyllithiumt 
CH^8iCl^ + 3Ph(CH^)28iLi >|%(CH^)28^ + 6LiCl 
ITetrasilyl-substituted compounds 
Tetrakis(trlmethylsilyl)silane (XLIX), the first tetra-
silyl-substituted organopolysilane having contiguous silicon 
atoms, was synthesized in yields of 60-70^ (see Table 4) by 
reactions between silicon tetrachloride, chlorotrimethyl-
silane and lithium in THF. In general, the yield of XLIX 
was affected by s (1) the mode of Eiddition and the ratio of 
reactants; (2) the reaction time; and (3) the method of puri­
fication. The highest hields were obtained when silicon 
tetrachloride was added to an excess of chlorotrimethylsilane 
and an excess of lithium; and the reaction mixture was very 
vigorously stirred for more than 24 hours at room température 
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prior to work-up and purification of XLIX by sublimation. 
Compound XLIX may result via a sequence of consecutive 
formations of silyllithium compounds, followed by a coupling 
reaction with chlorotrimethylsilane (Scheme I), When a mole­
cule of silicon tetrachloride comes in contact with the large 
surface of the lithium metal, in a high concentration of 
chlorotrimethylsilane, enough energy may be derived to com­
plete the substitution of the remaining silicon-chlorine bonds: 
Scheme I 
%us, thé mode of formation of XLIX can be explained on the 
basis of the "heterogeneity (101)" of the system. This mech­
anism is in agreement with the experimental observations: 
the highest yields of XLIX were obtained when silicon tetra­
chloride dissolved in THF was added to chlorotrimethylsilane 
and lithium in THF. Interestingly, in an attempt to prepare 
some intermediates postulated in Scheme I, tri8(trimethyl-
silyl)chlorisilane and bisltrimethyl8ilyl)dichlorosilane, by 
reactions of silicon tetrachloride, chlorotrimethylsilane 
and lithium, compound XLIX was the major product. 
Another possible route leading to the foimation of XLIX 
might involve the intermediate formation of some higher 
SiClji^ + U > LiSiClg + LiCl 
USiCOL^ + (CH^)^SiCl > (CH^)^SiSiCa.^ + LiCl 
(CH^)^SiSiCa^ + Li > (CH^)^SiSiCl2U + LiCl 
(CH^)^SiSiCl2Li + (CHglgSiCl 
+ LiCl etc. 
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branched-chain polysilane compounds. An inspection of the 
intermediates showi in Scheme I reveals the possibility of a 
variety of silyllithium coupling and/or lithium cleavage re­
actions, leading to the intermediate formation of hezakis-
(trlmethylsilyl)disilane (L) and other related branched-chain 
compounds. For example, tris(trimethylsilyl)silyllithium (LI) 
reacts with tri8(trimethylsilyl)chlorosilane (LII), affording 
compounds XLIX and L (102)t 
(^CH^)^Sl| SiLi + [(GH^)^S^ SiCl XLIX + [^CH^)^S^ Si 
LI LII (fcH^)^S^ Si 
L 
&)wever, in an attempt to prepare L by a reaction between 
silicon tetrachloride, chlorotrimethylsilane and lithium, the 
major product was XLIX, and the presence of only a trace of 
L was indicated by v.p.c. (102). If compound L was formed 
in these reactions a mechanism based on lithium metal emd/or 
silyllithium cleavage reactions could be invoked to explain 
its transitory existence. For example, a cleavage reaction 
of the silicon-silicon bond of L by lithium would give LI 
which could react with chlo ro trime thylsilane, affording XLIX* 
Scheme II 
L + -2LI »2LI 
LI + (CH^)^SiCl > XLIX + Li CI 
Alternatively, a cleavage reaction of the silicon-silicon 
bond of L by a silyllithium compound would give XLIX or its 
precursor. Ptor instance, a cleavage reaction of the silicon-
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silicon bond of L by LI would give XLIX and pentakis( trimethyl-
silyl)disilanylli thium; Scheme III 
Q3ie validity of these possibilities was substantiated by 
separate experiments (lOE ) e  
There also exists the possibility of the inteimediate 
foimation of silirenes and dllithiosilanes of the types 
These intermediates probably have very little or no signifi­
cance in the fomation of XLIX; Hlnoe there Is no definitive 
evidence for the existence of dllithiosilanes of this nature 
(30) and the existence of silirenes in reactions of this 
type is not well documented (103). The formation of silyl 
radicals is possible* 
It is difficult to accurately describe the character 
and fate of the intermediate species involved because of the 
complex nature of metal coupling and cleavage reactions in 
general» and particularly those involving two or more dif­
ferent chlorosilanes. However» of the possible pathways lead­
ing to the formation of XLIX, those depicted in Schemes I» II» 
and III are quite reasonable» and mechanisms involving inter­
mediates such as silirenes» dllithiosilanes and silyl radicals 
probably have lesser significance. Moreover, as a consequence 
of steric hindrance involved in the formation of L, Scheme I 
is a favored pathway. 
An Inspection of Table 5 reveals that the highest yield 
L + LI 
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of XLIX is 70#. The Inability to reproduce this yield using 
other conditions Is probably a reflection on the Intrinsic 
nature of the heterogeneous reaction; four sillcon-chlorine 
bonds may have to be cleaved subsequent to four sllylllthlum 
coupling reactions per molecule of XLIX foimed* Hence In 
view of the diversity of reactions Involved* namely, lithium 
cleavage and sllylllthlum coupling, and the high structural 
specificity required. It Is difficult to establish and main­
tain Ideal conditions. Probably the most significant factors 
contributing to the high yield of XLIX are the "Inertness" 
of chlorotrlmethylsllane to lithium coupling reactions, rel­
ative to the other chlorosllanes Involved, and of XLIX to 
lithium cleavage of the silicon-silicon bond. 
The related tetrakls compound, tetrakls(dimethylsllyl)-
sllane (LIII) was prepared by a similar technique Involving 
a reaction between chlorodimethylsllane, silicon tetrachlo­
ride and lithium:^ 
S1C1|^ + 4H(CH^)281C1 + 8L1 > [2(02^)281]^81 + 8L1C1 
LIII 
Tetrakls( dlmethylphenylsllyl ) sllane (LIV), the first 
phenylated tetrasllyl-substituted polysllane, was prepared by 
two Independent methods: 
Method A the reaction between silicon tetrachloride 
^Dr. J. M. Holmes, Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the preparation of tetrakls(dimethylsllyl)sllane. Private 
communication. 1964. 
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chlorodlmethylphenylsilane and lithium in THF, 
SiCl^ + 4Ph(CH^)2SiCl + 8L1 >[k(CH^)2sj ^ Si + Ph(CH^)2Si 
LIV Ph(CH^)2Si 
and 
Method B the reaction between dlmethylphenylsilyl-
lithium and silicon tetrachloride in TSF:ether. 
SiCl^ + 4Ph(CH^)2SiLi THFfether^^^y + Ph(CH^)2SiSl(CH^)2Ph 
Reaction A was carried out at room temperature in THF and the 
yield of LIV obtained by this procedure was quite low (3*5^) • 
%e conditions used in Method B, namely, a low temperature 
(-40®) and THFîether as solvents, seemed more favorable for 
the foimation of LIV, giving a 14.6# yield. 
It seems that the low yield of LIV might be due to steric 
crowding of atoms in the molecule imposed by the four bulky 
phenyl groups, and that a high order of orientation of re-
actant species is necessary for the formation of the product. 
The rigorous steric requirement presumably increases the pro­
bability of some secondary reactions leading to the formation 
of the less sterically hindered compound, 1, 1, 2, 2-tetra-
methyl-1, 2-diphenyldisilane, in high yields (60-65#). Pre­
sumably these reactions involve: 
(1) cleavage of an intermediate disilane by silyllithium, 
Ph(CH^)2SiLi + SiClj^ > Ph(CH^)2SiSiCl^ + Li01 
PhfCHgigSlLl + Ph(CH^)28i81Cl^ —> Ph(CH^)28l8i(CH^)2Ph 
+ LiSiCl^ 
and 
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(2) direct coupling of chlorodimethylphenylsilane and 
dimethylphenylsilylli thium. 
Ph(CH^)2SiCl + Ph(OH^>28111 ^ Ph(CH^>28181(02^>2^^ + Li01 
Dimethylphenylsilylli thium could be formed by Method 
A from the reaction between chlorodimethylphenyl­
silane and lithium (104), and a halogen-metal inters 
Thus, it is not surprising that tris(triphenylsilyl)8ilane 
was prepared in a 4.4^ yield and attempts to synthesize tetra-
kis(triphenylsilyl)silane gave only hexaphenyldisilane, trl-
phenylsilane and some polymeric material (30). It Is also 
noteworthy that whereas tetraki8(dimethylsilyl)methane and 
tetraki8(trimethylsilyl)methane can be prepared by a reaction 
between a chlorosilane, polyhalo methane and magnesium, ap­
plication of the technique to the attempted preparation of 
tetraki s(difflethylphenylsilyl)methane gave good yields of bis-
( dimethylphenyl silyl )me thane ; and no tetraki s compound was 
isolated (12), It appears that the formation of tetrasilyl-
substituted methanes and sllanes is limited by the number of 
large groups bonded to the peripheral silicon atoms. 
The linear-chain Isomer of LIV, octamethyl-2, 2, 4, 4-
tetraphenylpentasileme (LV), was prepared by the following 
sequence of reactions; 
conversion reaction between chlorodimethylphenyl­
silane and silicon tetrachloride (Method B) would 
afford chlorodimethylphenylsilane (96). 
benzene 
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2 (CH^)^Sl-SlPh2Br + 2Na (CH^)^sl-SlPh2SlPh2-Sl(CH^)^ 
+ 2NaBr 
( CH^)^81-SlPhgSlPhg-81 ( CH^) ^ + 2LI —2( CH^)^Sl-SlPh2U 
2 (0H^)^8l-81Ph2Ll + (CH^)28lCl2—> |TcH^)^Sl-SlPhgj^81 (OH 
+ 2L1C1 
LV 
Beactlons of Tetrakis(trlmethylsllyl)sllane 
The silicon-silicon bond of XLXX Is cleaved by a wide 
variety of reagents. When XLIX was treated with sodium-potas­
sium (Na/K) alloy a dark yellowish-green colored solution was 
observed. It was possible to characterize trl8(trlmethyl-
sllyl)sllylpotasslum (LVI)« but not any trlmethylsllylpotas-
slum, by derivatives* . 
H 0 
XLIX + Na/K » [TcH^)^S^ SIK -2-—> |7cH^)^S^ SIH 
LVI LVII 
Ph(CH^)2SlCl 
[7CH^)^8^ SlSl(CH^)2Ph 
LVIIIb 
For Instance, v.p.c. of a hydrolyzed aliquot of the yellowish-
green solution, subsequent to the removal of the excess alloy 
by amalgamation, showed the presence of only XLIX and trls-
(trlmethylsllyl)sllane (LVII) In a ratio of 3;1. When the 
solution was derivatlzed with chlorodlmethylphenylsllane, 
v.p.c. of the hydrolyzed reaction mixture Indicated the 
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presence of only XLIX and trls(trlmethylsilyl) (dlmethylphenyl-
sllyl}sllane (LVIIIb) In a ratio of 4*1, From the reaction 
mixtures it was possible to Isolate and characterize a small 
amount of LVIIIb. If trimethylsilylpotassium were formed, a 
metalation reaction of the solvent by this presumably reactive 
compound, giving the volatile trime thylsilane, could be in­
voked to explain the absence of the expected derivative, pen-
tame thylphenyldi silane. No reaction was observed between 
XLIX and sodium-potassium alloy in ether. 
It is particularly interesting that the sillGon-silicon 
bond of XLIX is cleaved by lithium aluminum hydride (LiAlH^) 
but not by lithium metal, to give LVII subsequent to acid 
hydrolysis: 
Presumably, the mechanism of cleavage by LiAlE^ involves the 
formation of a pentacovalent intermediates 
It is reasonable to postulate that the silyl-aluminum com­
pound might decompose to give tris( trlmethylsilyl)silyllithium 
(LI) and aluminum hydrides 
However, chemical evidence in a related reaction involving the 
XLIX + LiAlH, 
Si + LiAlE 
SiAlH,"Li + (CH-)i8iH 
SiAlHo"U 
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cleavage of hexaphenyldisllane by LlAlH^j, suggests that a sllyl-
alumintim bond does exist and Is favored over a possible de­
composition reaction to give a silyllithium compound (75)* 
While no sllyl-Grlgnard reagent has been Isolated, its 
intemediate formation has been proposed by several workers 
(105, 106, 107, 108). A transient silyl-Grignard reagent, 
trls(trimethylsilyl)silylmagneslum chloride, may be respon­
sible for the formation of hexakls(trimethylsilyl)disilane 
(L) from the reaction of trl8(trimethylsilyl)chloro silane 
(LII) and magnesium (102): 
r- r n [(CH^)^S1| Si CI + Mg ^ SiMgCl > XLIX 
LII ^ 
+ [[CH^)^S^ Si-Si (sKGH^)^] 
L 
Compound XLIX did not react with phenylmagneslum bromide or 
methylmagnesium iodide,^ while the respective organolithium 
compounds afforded good yields of LI [see Preparation and re­
actions of trls(trimethylsilyl)silyllithiu^. 
When XLIX was treated with either one mole of bromine 
in benzene or carbon tetrachloride, or phosphorus penta-
chloride in benzene, sym-tetrachloroethane or carbon tetra­
chloride, 60-65^ recovery of XLIX was realized; but no other 
products have so far been isolated. In reactions between 
^H. L. Harrell, Department of Chemistry, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. Information 
on the reaction between tetraki s ( trimethyl silyl ) silane and 
methylmagnesium iodide. Private communication. I966. 
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XLIX and nucleophlllc reagents, such as aqueous piperidine or 
«sodium methoxlde In methanol, none of XLIX was recovered* 
Uhe products of these reactions were mixtures of compounds 
which were not separated; but their infrared spectra indi­
cated the presence of Sl-0 and 81-0H groups. Presumably, 
the primary cleavage products of these reactions are more 
reactive than the tetrakls compound. Bils could well be a 
consequence of the highly symmetrical structure of XLIX, a 
compound which can be envisaged as a sphere of twelve chemi­
cally equivalent methyl groups surrounding the silicon skele­
ton. "Die less symmetrical compounds, trl8( trimethylsllyl)-
methylsllane (XLVII), and trl8(trimethylsllyl)silane (LVII) 
undergo cleavage of the sillcon-sillcon bond by phosphorus 
pentachlorlde or chlorine in carbon tetrachloride, affording 
good yields of chlorinated derivatives (109)* 
[[cH^)^8g SiCH^ + PCl^ or Clg ^ [(CH^)^S3r| S1(CH^)C1 
XLVII 
CCI 
[TcH^)^8^ 8iH + PCl^ or Clg ^ [[cH^)^S^ SiClg 
3 2 
LVII 
Compound XLIX does not react with concentrated sulfuric 
acid at room temperature, probably because of its insolu­
bility in this solvent. &)wever, at an elevated temperature 
(ça. 130°); the reaction proceeds at an uncontrollable rate, 
leading to an explosion. 
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Tris(trimethylsllyl)silyllithium 
Preparations and reactions of tris(trimethylsilyl)silyllithium 
An attractive route to the synthesis of tris(trimethyl-
silyl)silyllithium (LI) involved a cleavage reaction of a 
silicon-silicon bond of lŒiIX by methylllthium in THF;ether 
(4:1); 
THF(ether (4:1) ^ _ 
XLIX + CH^Li > [(^3)38^ 81 Li + (CH3)^Si 
LI 
The procedure was suitable for solutions of preparative use­
fulness since the volatile tetramethylsilane (b.p. 26,6°) was 
removed by distillation at room temperature and compound LI 
was obtained in excellent yields (ga. 90$), essentially free 
of any contaminant* The mechanism of this reaction can be 
reasonably depicted as one involving a nucleophllic attack 
by methylllthium on a peripheral silicon atom of XLIX fol­
lowed by éliminatloa of the trls(trimethylsllyl)silyl group 
via a pentacovalent inteimediatei 
f3 
(CH_)_81^ .Li and/or CH.- -81-- 81 81(0H-)_ Li"^ 
\  r  \  . 1  ^  /  \  ^  
81|81(0:3)3] OH3 OE3 
From a reaction between XLIX and methylllthium, tetramethyl-
sllane was collected in a Dry Ice-acetone trap and was iden­
tified by v.p.c., prior to acid hydrolysis of the reaction 
mixture to give trls(trimethylsilyl)silane (LVIl)t 
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XLIX + CH^Ll > LI + (CH^)j^Sl 
(7cH^)^S^ SiH 
LVII 
An attempted synthesis of LVII by a direct method involving 
a reaction between chlorotrimethylsilane, triohloro silane 
and lithium, lead to the formation of XLIX as the only isol-
able product. However, the trisilyl-substituted structure 
of LVII was tuiequivocally established by the equivalency of 
the sillcon-methyl protons and an integrated area ratio of 
its nuclear magnetic resonance spectrum (n.m.r. ) % the 
Si-CH^/Si-H was 27 (calcd. 27), Definitive evidence for the 
existence of a silicon-lithium bond prior to acid hydrolysis 
was afforded by derlvatlzatlon of LI with trlmethyl phos­
phate which gave tri s (trime thyl silyDme thyl silane (XLVIl)t 
The formation of XLVII in a high yield (78#) clearly excludes 
any significant metàlation reactions of the solvent to give 
LVII prior to derlvatlzatlon with trlmethyl phosphate. Com­
pound XLVII was also prepared directly from a reaction be­
tween chloro trime thylsilane, methyltrlchloro silane and lith­
ium. 
CH^SiCl^ + ^(CHgljSiCl + 6Li ^ XLVII + 6L1C1 
The reaction of LI with chloro dime thyl sileine, chlorodimethyl-
phenylsilane, chlorodiphenylmethylsilane, and chlorotri-
XLVII 
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phenylsilane gave tris(trimethylsllyl)(dimethylsllyl)sllane 
(LVIIIa), tris(trimethylsilyl)(dimethylphenylsilyl)silane 
(LVIIIb)J tris(trimethylsilyl)(diphenylmethylsilyl)silane 
(LVIIIc), and tri s(trimethylsilyl)(triphenylsilyl)silane 
(LVIIId)} respectively? 
LI + H^H^H^SiCl > [7oH^)^8^ SiSlR^R^R^ 
LVIIIa, R^ = CH^5 R^ = H 
LVIIIb, = af = CH^; R^ = Ph 
LVIIIc, R^ = af = Hi; R^ = CH^ 
LVIIId, Rl = af = R^ = Ph 
Witii the exception of LVIIIa, which decomposes on standing, 
all of the derivatives are stable in air. The formation of 
compounds, LVIIIa, LVIIIc and LVIIId, in excellent yields 
substantiates the novel structure of LI. 
The reaction between compounds LI and bromobenzene af­
forded a 55% yield of XLIX and none of the expected deri­
vative, tris(trimethylsilyl)phenylsilane, was isolated: 
LI + PhBr —). XLIX 
Presumably, the bromosilane, tris(trimethylsilyl)bromosilane 
(LIX), and phenyllithium were formed by a halogen-metal in­
terconversion reaction* 
LI + PhBr > [(CH^)^S^ SiBr + PhLl 
LIX ^ 
A cleavage reaction of the silicon-silicon bond of LIX or 
products formed in coupling reactions, L and tris(trimethyl-
silyl)phenylsilane, by LI would give XLIX: 
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LI + LIX > XLIX + [(CH^)^Sl| ^SlBrLl 
o 
XLIX + LI 81 [si ( CH^ ) ^ ^ 81 [81( CH^ ) ^ 
^8l| 81Ph-^XLIX + SlPhLl 
Convincing evidence for a halogen-metal Interconversion re­
action, leading to the formation of LIX; Is afforded by the 
reaction between LI and 1,2-dlbromoethane, giving XLIX and 
L (102). 
Derlvatlzation of LI with carbon dioxide afforded a white 
crystalline solid which appears to be trl8(trlmethylsllyl)-
sllanecarboxyl^ « ar-iri fr.YW 
Difficulties In the purification of this compound were ex­
pected since all known organosilicon compounds, in which the 
silicon atom is attached directly to a carboxyllc acid or 
ester group, undergo decomposition under a variety of condi­
tions, such as heat, base and polar solvents, with the eli­
mination of the carbonyl as carbon monoxide (110, ill). Com­
pound LX could not be Isolated by base extraction because it 
was decomposed by base, with the elimination of carbon monox­
ide, affording a mixture of products. Work-up without base 
extraction afforded a compound which turned to a cloudy 
LI + BrCHgCHgBr > LIX (coupling reaction) 
^^XLIX + [(CH^)^S^ SlBrLi 
(cleavage reactio&) 
[(CH^)^Si] SiCOOH 
LX 
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liquid at 131® and liquid truned clear at I36®. Decomposi­
tion with the evolution of carbon monoxide was observed at 
214®® The infrared spectrum (Figure 3) shows absorptions 
at 5*95 P- and 6.I3 for 0*6, and a broad absorption at 
3,07-3.64 u for the carboxyllo-OH group- There are no ab­
sorptions indicative of Si-H or 81-0. (Die n.m.r. spectrum 
(Figure 3) indicates that this compound is impure. Despite 
the presence of only two peaks, a singlet for the silicon-
methyl protons at 9.72 t and for the oarbozylic acid proton 
at -0.02 tj an integrated area ratio for Si-CH«/COOH was 35 
(calcd. 27). Treatment of this compound LX with diazometheme 
afforded methyl tris( trimethylsilyl) silanecarboxylate (LXI}s 
Like LX, compound LXI was shown to be impure by its n#m,r. 
spectrum (Figure 4) which contains a singlet for the methoxy 
protons at 6.43 t, and singlets for silicon-methyl protons 
at 9,78 t and 9*72 t. An integrated area ratio for SiCH^/-OCH^ 
was 18 (calcd. 9). ®ie infrared spectrum (Figure 3) showed 
absorptions at 6.0 ja. and 6.I3 p. for c = 0, and 9.I3 p. for 
c — 0. 
Under similar conditions, an attempt to prepare bis(tri­
methylsilyl )silylenedilithium (LXXX) by the reaction between 
XLIX and two equivalents of methyllithium gave only LI, sub­
sequent to acid hydrolysis of the reaction mixture. Similarly, 
diphenylsilylenedilithlum (LXIII) was not detected in a 
SiCOOCH- + N. 
LXI 
Figure 3» Nuclear magnetic resonance spectra 
Top: Trls( trimettiylsllyl) sllanecarboxyllc 
acid (LX) 
Bottom* Methyl tris(trimethylsilyl)silane= 
carboxylate (LXI) 
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reaction between octaphenyltrisilane and lithium (30). 
SlLlg 
LXII LXIII 
Other approaches to the synthesis of LI involved a clea­
vage reaction of a sillcon-silicon bond of XLIX by phenyl­
llthium in THF;ether (4:1) and triphenylsllylllthium in THF* 
XLIX + HLl > LI + RSKCH^)^ 
a = Ph or Ph^Sl 
Subsequent to acid hydrolysis of the reaction mixture, charac­
terization of the expected cleavage fragments, LI and HSl(CH^) 
served to substantiate the proposed mechanism. For synthetic 
purposes, the preparation of LI by these methods were not at­
tractive because the yields were lower than those obtained 
by the use of methylllthlum and solutions are contaminated 
with the respective cleavage fragment |jasl( 
It is noteworthy, however, that the color of these silyl-
llthlum solutions varied markedly with the nature of RLl. 
For instance, methylllthlum gave a pale greenish-yellow color­
ed solution, phenylllthium a red, and triphenylsllylllthium 
a purple. Presumably, pale greenish-yellow is the true color 
of THF*ether solutions of LI since methylllthlum is grayish-
white. Therefore, hues associated with the use of the colored 
phenylllthium and triphenylsllylllthium might be a consequence 
of complementary mixing. 
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TT-Bondlng In tri s(trlmethylsllyl)silyllithlum 
Comparative metalation reactions (112) and kinetic 
studies (113) have recently been used to estimate the relative 
reactivity of Group IVB lithium compounds. The uncommon, 
symmetrical arrangement of the three trimethylsilyl groups 
bonded to the silicon-bearing lithium atom, together with 
failures to prepare stable solutions of trimethylsilyllithium 
(40, 50, 51), prompted a study to determine the importance of 
dative 77-bonding between contiguous silicon atoms in LI, by 
these procedures* 
Compound LI was prepared in the usual manner by a reaction 
between XLIX and methyllithium in THF;ether (4:1). In this 
investigation, the volatile tetramethylsilane and ether were 
removed by distillation. The high purity of the resulting 
THF solution of the silyllithium compound was indicated by 
VePeC« of a hydrolyzed aliquot and the n.m.r. spectrum of 
the silyllithium solution. Treatment of LI with fluorene at 
room temperature in THF afforded, subsequent to carbonation 
and acid hydrolysis, compound fluorene-9-carboxylic acid, 
XLIX and polymeric material 
The high yield of compound XLIX and the absence of the ex­
pected (LVII) can be reasonably explained by the following 
reactions; 
+ polymer 
+ XLIX 
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LI + l3O0 ^ OCpO + LVII 
LI 
LVII + LI ). XLIX + ^SlHLl 
The reaction of LI ann LVII, affording a 90^ yield of 
XLIX (102), supports this mechanism, and therefore, a yield 
of greater than 50% of fluorene-9-caitoiyllc acid suggests 
that fluorene Is also metalated by other lithium species. 
Although the reaction of LI and fluorene presumably Involves 
cleavage of the silicon-sillcon bonds, together with metala-
tlon by other lithium species, It was of Interest to compare 
the relative reactivity of a THP solution of this compound 
with that of other sllylllthlums. The results are summarized 
In Table ?• Prom the data given In the Table, It appears 
that the reactivity of pentaphenyldlsllanylllthlum Is about 
equal to that of trlphenylsllylllthlum. However, the reaction 
of this compound, a polysllane, and fluorene Is probably 
similar to that of LI, Involving silicon-silicon bond cleav­
age and metalatlon by other lithium species. The reaction 
of tetrakls(dimethylsllyl)sllylllthlum and fluorene Is pro­
bably even more complicated because of the reactive Sl-H bonds,^ 
A kinetic Investigation of the rate of reaction of com­
pound LI with THP at room temperature was also undertaken by 
periodically titrating an aliquot of the sllylllthlum solution 
1 
Dr, J, H, Holmes, Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the reaction of trl8(dlmethylsllyl)sllylllthlum with 
fluorene. Private communication. 1965. 
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Table 7* Metalatlon of fluorene* 
R^SILI 
Yield of fluorene. -9-carboxyllc acid, # 
Run 1 Run 2 Average 
Ph^SiSiPhgLl^ 44.6 39.8 42.2 
Ph^SlLi 44.5 37.7 41.1 
[(GH^)^S^ SlLl® 
[H(CH^)2S1J SlLl* 
51.0 
54.0 
44.4 
52.4 
47.7 
53.2 
Ph^OHjigSlLl 61.6 54.7 58.1 
Ph2(CH^)SlLl 65.2 57.4 61.3 
The silylHthium compounds were allowed to metalate 
fluorene under Identical conditions of time, temperature, and 
concentrations of reagents, followed by carbonation to pro­
duce fluorene-9-carboxyllc acid (112), 
third run with this reagent gave a yield of 20.3# 
which was not Included in the average. 
®See Experimental. 
^Dr. J. M. Holmes, Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the relative reactivity of tris(dlmethylsilyl)silylllthium. 
Private communication. 1965. 
using the procedure of double titration (90), The results 
are tabulated in Table 5 and the first-order rate constant is 
given in Table 7» A plot of time against the logarithm of 
molarity (Figure 4) reveals that the reaction of LI with THF 
follows pseudo first-order kinetics up to ça, 900 hours at 
which time the rate increases considerably. The deviation, 
observed with all of the compounds listed in Table 8, has 
been attributed to a possible catalytic effect of one of the 
1 
Figure 4. Plot of -molarity against time for tris( trimethylsllyl )-
silyllithlum (LI) 
ioô 400 600 800 
Hours 
ON 
1000 1200 1400 
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Table 8. First-order rate constants for the reactions be­
tween some sllylllthlims and THP® 
R^SlLi k X 10"3 hours'"^ 
[H(CH^)2S^ SlLl^ 0.0 
Ph^SlLl 0.84 
|TCH^)^S^ SlLl® 1.3 
Ph(CH^)2SlLl 1.4 
Ph2(CH^)SlLl 2.1 
^Determinations were made at room temperature by periodic 
titration of an aliquot of the solution. Double titration 
using allyl bromide was the technique employed (113). 
^Mo decrease in molarity of the active species during 
400 hours [Dr. J. M. Holmes, Department of Chemistry, Iowa 
State (Miversity of Science and Technology, Ames, Iowa. In-
foxmation on the reaction of trl8(dimethylsllyl)silyllithium 
with THF. Private communication. 196^]. 
®See the Experimental part. 
reaction products (112)« In a similar manner as its reaction 
with fluorene, the treatment of LI with THF probably involves, 
in addition to ring opening, cleavage of the silicon-silicon 
bonds to give other lithium species. For Instance, the re­
action of LI and THF afforded compound XLIX and à liquid mix­
ture of two compounds (determined by v.p.c.), îhe infrared 
spectrum of this mixture showed a strong absorption at 5.75 p. 
(probably c = 0), and medium absorptions at 9.45 ^  and 9.7 ^  
C3i-0)s there were no absorptions indicative of C-OH. More­
over, it is not known whether all of the other compounds 
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listed In Table 8 undergo reaction by the same mechanlm or 
afford the same types of products as the reaction of trl-
phenylsllylllthlum and THP (114); 
Ph^SlU + 
CHp CH« . 
^ ^ HqO 
^ > PhasicC^)^OH 
CH2 
Results obtained by the metalatlon and kinetic studies 
Indicate the following order of decreasing reactivity* 
Ph2(CH^)SlLl ^ Ph(CH^)2SlU > [i(CH^)2S^ SlLl > 
[(CH^)^S^ 81 Li > Ph^SlLl « Ph^SiSoPhgSlLl 
3 
Bie greater reactivity observed for diphenylmethylsilyl-
llthium as opposed to dimethylphenylsllyllithium is surprising 
since the reverse order would be expected on the basis of the 
electronic effect of the substituents. A sequence based on 
cleavage reactions of the silicon-sillcon bond is in agree­
ment with theoretical expectations (115)s 
Ph(CH^)2SlLl > Ph2(CH^)SiLl > Ph^SlLl 
Since different dlsilanes were involved, the reactivity of 
the sill con-silicon bond was assumed to be constant with 
varying substituents. On the basis of this assumption, a 
similar Investigation was undertaken to determine the relative 
reactivity of trlphenylsllylli thium and LI. To achieve this 
objective, the reaction below seemed suitable for the follow­
ing reasons* (1) the reactants and products are very soluble 
and stable in THP; (2) secondary cleavage reactions to give 
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other silylllthlum compoimds, for example, trimethylsllyl-
lithlum and bls(trlmethylsllyl)sllylenedlllthium, are quite 
unlikely because of their high reactivity? (3) the forward 
and reverse reactions presumably proceed through the same 
Inteimediate5 LXIV. and therefore, steric factors involved 
in these reactions are about the same, 
,8i(CH-)_ 
r~ V. f— 
Ph^SiLi + [(CH^)^S£| Si—^ Ph^Si^ Vsi[si(CH^)^J ^ 
XLIX " ^ Li'' ^ 
LXIV 
Ph^SiSKCH^)^ + |jCH^)^S^ SiLi 
LI 
When compound XLIX was treated with tri phenyl silylli thium, 
a 70^ yield of 1» 1, l-trimethyl-2, 2, 2-triphenyldisilane 
was isolated. Rie reaction was followed by v.p.c. of a hy­
dro lyzed aliquot of the reaction mixture and there appeared 
to be no change in the relative ratios of tri s(trimethylsilyl)= 
silane (LVII) and XLIX after ça. 36 hours. The reverse re­
action, between compound LI and 1, 1, l-trimethyl-2, 2, 2-
triphenyldisilane, afforded a 75^ recovery of the disilane. 
It appears that no apprecible equilibria exist and that tri-
phenyl silylli thium is more reactive than compound LI. 
Although the results obtained by these methods are not 
definitive, they seem to imply, however, that the reactivity 
of compound LI is comparable to or even less than that of tri-
phenylsilyllithium. Secondary cleavage reactions of the 
130 
sillcon-sillcon bond and subsequent reaction by presumably 
more reactive, less branched species were evident In reactions 
Involving TSF and fluorene# Due to their presence, the re­
activity of LI Is undoubtedly less than the experimental data 
suggests In the treatment of trlphenylsllylllthlum with 
XLIX, which Indicated a lower order of reactivity for LI, 
the reactivity of the silicon-silicon bonds of the polysllane 
compounds, XLIX and 1, 1, l-trlmethyl-2, 2, 2-trlphenyldl-
sllane, were assumed to be about equal. 
nie reactivity of trlphenyl- and other phenylated sllyl-
llthlum compounds has been attributed to delocallzatlon of 
the negative charge over the aromatic rlng(s) whereas trl-
alkylsllylllthlums have at most only a transitory existence 
(40, 50» 51)• A reason for the enhanced stability of LI be­
comes apparent If one compares Its structure with that of the 
reactive trlmethylsllylllthlum compound* On the basis of 
Inductive effects alone, one would expect trlmethylsllyl­
ll thlum to be less reactive than LI since a trlmethylsllyl 
group Is a better electron donor than a methyl group (40). 
lowever, a unique type of conjugation Is possible for com­
pound LI, but not trlmethylsllylllthlum, Involving delocall­
zatlon of the negative charge over the vacant d-orbltals on 
the adjacent silicon atoms (dn - prr bonding): 
(CH-).Sl (0H_).8l- (CHo)oSl (0H_).81 
3 3| 3 3|| 3 3| 3 3| 
(CH_)gSl-Sr^-^ (CH.)oSl-Sl^-^(CH-)_81=81 ^  (CH_)_8l-81 
I I II 
(CH^)^Sl (08^)281 (0H^)^81 (CH^)^8r 
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The conjugatlve (~T) effect requires the multiple bonding of 
the vacant 3d-orbltals of the peripheral silicon atoms (the 
electron acceptors) with the 3P-orbltal of the llthlum-
bearlng silicon atom (the electron donor). As a consequence, 
It Is not surprising that compound LI cannot be prepared by 
the reaction between XLIX and lithium metal which would re­
quire the formation of the very reactive trlmethylsllyl­
llthlum (40)* 
XLIX + Li > LI + (CHgl^SlLl 
The formation of LI, on the other hand, by reactions of XLIX 
with RLl compounds (R = CH^, Ph and Fh^Si), probably Involves 
a nucleophllic attack by the H group on a peripheral silicon 
atom of XLIX, followed by the elimination of the trls(tri­
me thylsllyl )silyl group via a pentacovalent Intermediate (LXV) 
giving stable products* 
81(GH^)^ 
((CH^)^S^ ^ 81 + BLl—> [[CH^)^S^ ^ 81 / ® [(CE^)^8^ ^ 8iLi 
XLÎX LXV Li LI 
+ RSl(CH^)^ 
Ghe relative ease of formation of some sllylllthlum compounds 
by a cleavage reaction of the silicon-silicon bond of the 
respective polysllane compounds with methylllthlum, suggests 
the following order of decreasing reactivity* 
(CH^)^8i81(CH^)2Ll > [[CH^)^8^ Si(CH^)Ll > jjCH^)jS^ SiU 
2 3 
dhe parallelism between the number of trlmethylsllyl groups 
bonded to the silicon atom and the reactivity of the sllanion 
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is further evidence for dative n-bonding in LI. 
The most compelling evidence for n-bonding in compound 
LI is afforded by the reaction of LVII with n-butyllithium. 
Since triphenylsilane reacted with n-butyllithium in THF;ether 
to give n-butyltriphenylsilane, it was expected that LVII 
would react in a similar manner. 
THF:ether 
Ph^SiH + > Ph^SiCji^H^ 
However, treatment of LVII with n-butylli thium in THF; ether 
prior to derivatization of the greenish-yellow solution with 
chlo ro tri phenylsilane afforded LVIIId and XLIX, indicating 
the formation of LI. 
Hi-SiCl 
LVII + n-C^^H^Li > LI > LVIIId 
The reactions of LVII with other BLi compounds (B = CH^ and 
Ph) in ether were very slow and it was difficult to determine 
whether compound LI and/or the product of a coupling reaction, 
(CH-a)-Si SIR, was formed. Triphenyl silane reacted readily 
with BLi compounds (B = CH^, Ph, or n-Cj|^a^) in ether, giving 
Ph^SiB and LiH (116), while triphenylgexmane (116) and tri-
phenylmethane (116) afforded the respective lithium compounds* 
Ph^SiH + BLi ®ther—^ ph^SiB + LiH 
Ph^CH + BLi ether ^ ph^CLi + BH 
Ph^GeH + BLi > Hi^GeLi + BH 
The formation of LI from a reaction between LVII and n-butyl-
lithium, indicating that the hydrogen atom of LVII is more 
protonic than the hydrogen atom of triphenylsilane, is pro­
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bably associated with dative rr-bondlng in the LI molecule. 
In other words, the negative charge in compound LI is de-
localized to a greater extent than that in tri phenylsilyl-
lithium, leading to a more electronegative silicon atom and 
consequently a more acidic silicon-hydrogen bond# The central 
silicon atom in LVII is, however, less electronegative than 
the carbon atom in triphenylmethane or the gexmanium atom in 
triphenylgermane, since LVII reacts very slowly with n-butyl-
lithium in ether whereas triphenylme thane and triphenylgeimane 
reacts readily# The difference in the mode of reactions of 
these Group IV hydrogen compounds has been explained in terms 
of the relative polarizations of the B-H bonds (E = C, Si or 
Ge)(ll6). In triphenylsilane, the hydrogen atom has more 
hydridic character than the hydrogen atoms of triphenyl-
methane and triphenylgeimane, indicating the following polar­
izations i 
Ô+ 6— 6— 6+ 6— 6+ 
Ri^Si - H - H Fn^Ge - H 
The proposed polarizations are consistent with the relative 
electronegativities of the E atoms which, in decreasing 
order, are (116); G > Ge > Si. 
The ultraviolet and n.m.r. spectra of LI are in agreement 
with the proposed dative n-bonding. The ultraviolet spectrum 
(THP) consists of bonds at 295 nyi ( 5'^ 22,000), 370 mp 
( 6"10,000) and a shoulder at 236 m^ ( 6'^ 6,000) whereas its 
derivatives, compounds XLIX and LVII, ahowed no absorption 
(cyclohexane) above 210 mp. Undoubtedly, this marked batho-
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chromic shift implies considerable resonance stabilization of 
the excited state (117). Uius, it is suspected that similar 
resonance also exists, but to a lesser extent, in the ground 
state (117). The n.m.r. spectrum of LI (THP), consisting 
of a singlet at 9*93 t, represents a 0,2 ppa upfleld chemical 
shift with respect to LVII (9.93 t). In view of the ultra­
violet spectral data, the small dlamagnetlc shielding of the 
silicon-methyl protons of LI seems to be associated with this 
type of conjugation (dn-pn bonding). Bie ultraviolet and 
n&mer« spectra of triphenylsilylllthlum have been explained 
in terms of dative (pTT-pn) bonding Involving delocalization 
of the negative charge over the phenyl rings (118). 
Color Test I of tris(trimethylsilyl)silyllithium 
In general, organosllylmetallic compounds give a positive 
Color Test I, indicating that they are sufficiently reactive 
to add to Mlchler*s ketone (50). The reaction product is 
hydrolyzed with water prior to oxidation with a few drops 
of 0.2^ solution of iodine in glacial acetic acid to give a 
blue or green color. If the main product is a reducing agent, 
a larger amount of iodine must be added before the leuco-base 
is oxidized to the dye (a substituted Malachite green). 
Using this procedure, compound LI gave a negative test. It 
is reasonable to assume that LI adds to Mlchler*s ketone 
since its reactivity is comparable to that of trlphenylsilyl-
llthium. However, the hydrolysis product of LI, compound 
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LVII, has been found to reduce carbon tetrachloride at room 
temperature to give LII and chloroform (109); 
LVII * CCly > LII 4" CHOlj 
ahus, a study was undertaken to determine the applicability 
of Color Tsst I to detect the presence of LI using more con­
centrated solutions of Iodine In glacial acetic acid. It was 
found that LI gave a positive test when a few drops of a 20 
to 30^ solution of Iodine In glacial acetic acid was used as 
the oxidizing agento 
Bis(trlmethylsllyl)methylsllylllthlum 
^^aratlon and reactions of bls( trlmethylsllyDmethylsllyl-
Encouraged by the successful preparation of LI in high 
yields and its usefulness as a precursor to other novel tetra-
sllyl-substituted compounds, a similar study was undertaken 
wlth bls(trlmethylsllyl )methylsllyllithlum (LXVI). 
Compound LXVI was prepared by a cleavage reaction of a 
silicon-silicon bond of XLVII by methylllthlum in THFs 
SiCH^ + CH^Ll—(CH^) (TcH^)^S^ SlLl + 
XLVII LXVI (CH^)^8i 
%e mechanism of this reaction can be reasonably depicted as 
one Involving a nucleophlllc attack by methylll thlum on a 
peripheral silicon atom of XLVII followed by the displacement 
of the bls(trlmethylsilyl)methylsllyl group via a pentaco-
valent intermediate: 
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([CH^)^S^ SICH3 + CH^U-^ (CH^) [[cH3)^S^^Si^ ^ 
XLVII ^Li 
(CH^) |7cH^)^s3 81 Li + (CEj)^Sl 
L.XVI ' 
In view of the high volatility of bls( trlmethylsllyDmethyl-
sllane (LXVII),the hydrolysis product of LXVI and XLVII, the 
extent of the reaction between XLVII and methyllithium is 
rapidly and conveniently followed by v.p.c. of hydrolyzed 
aliquots of the sllyllithium solution! 
H.0"^ (— -1 
XLVII + CH^Ll > LXVI ^ > ( CH^ ) [^CH^) SIH 
LXVÎÎ 
Like LI, compound LXVI was found to undergo a variety of re­
actions, affording derivatives in good yields. The reaction 
of LXVI with chlorodimethylphenylsilane, chlorodiphenylmethyl-
silane and chloro tri phenyl si lane gave bi s ( trimethylsilyl )( di­
me thylphenylsilyl)methylsilane (LXVIIIa), bls( trimethylsilyl)-
(diphenylmethylsilyDmethylsilsine (LXVIIIb), and bls(tri­
methylsilyl) (triphenylsilyl)methylsilane (LXVIIIc), respec-
tlTely. 
l j ) j i  i  3  LXIII + R^B^R^SiCa > [[cH^ ^8l] SlSlR^R^R^ 
LXVIIIa, R^ = R^ = CH^; R^ = Ph 
LXVIIIb, R^ = R^ = Ph; R^ = CH^ 
LXVIIIc, R^ = R^ = R^ = Ph 
The formation of these compounds in high yield served to sub-
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stantlate the novel structure of LXVI. 
DerivatIzatlon of LXVI with carbon dioxide afforded bls-
(trlmethylsllyl)methylsllanecarboiyllc acid (LXIX)s 
H.0+ r- n 
LXVI + COg ^SICOOH 
LXIX 
Compound LXIX, a white crystalline solid, melts at 90=92° 
and decomposes above 170° to give sym-tetrakls(trlmethyl-
sllyl)dlmethyldlsllozane (LXX) and carbon monoxides 
LXIX > (CH^)[(CH^)^S^ Sl-0-Sl[si(CH^)^]^(CH^) + 00 
LXX 
Uhllke trls( trlmethylsllyl ) sllanecarboxyllc acid (LX), com­
pound LXIX was found to be considerably more stable and could 
be purified by crystallization* Work-up of the reaction mix­
ture without base extraction gave a 68^ yield of pure LXIX, 
whereas work-up involving base extraction gave a 50% yield. 
Treatment of LXIX with diazomethane afforded methyl bis(tri-
methylsilyl)methylsllanecarboxylate (LXXI)t 
LXIX + CHgNg >(CH^) [7cH^)^Si3 SICOOCH^ 
LXXI ' 
Compound LXXI, a liquid was purified by distillation under 
reduced pressure without decomposition. No reaction was ob­
served between LXIX and 95^ ethanol. 
TT-Bonding in bis( trimethylsilyl )methylsllyllithium 
The relative reactivity of LXVI, based on the metalation 
of fluorene (112), appears to be greater than that of di-
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phenylmethylsilylllthiumt compound LXVI gave an average yield 
of 66,5% of fluorene-9-carboxyllo acid whereas dlphenylmethyl-
silyllithlum gave a 61.3^ yield of the acid. The results 
are not definitive since secondary reactions involving the 
cleavage of the silicon-silicon "bonds are undoubtedly in« 
volved, presumably affording more reactive silyllithium com­
pounds which could also methalate fluorene. However, on the 
basis of the inductive effects alone, one would expect tri­
me thyl silyllithium to be less reactive than LXVI since a tri­
me thyl silyl group is a better electron donor than a methyl 
group (40). Presumably compound LXVI is stabilized by de-
localization of the negative charge over the vacant d-orbitals 
on the adjacent silicon atoms (dir-pn bonding), a type of con­
jugation that is not possible with the structure of tri­
me thyl sil yll i thium * 
CHo CHo CH. 
I ^ - I ^ I ^ 
(CH.)^Si - 81 < »(CH_)_81 = Si^ >(CHo)-Si - Si 
3  3  I  - 3 3  I  3 3  I I  
(CH^)^8i (CH^)^8i (0H^)^8i" 
The greater reactivity observed for compound LXVI as compared 
to tris(trimethylsilyl)silyllithium (LI) presumably reflects 
the parallelism between the number of trimethylsilyl groups 
bonded to silicon and the stability of the silanion. 
For a complete tabulation of the relative reactivity 
of other gilyllithiums as determined by this method, see TT-
bonding In tris(trimethylsilyl)silyllithium. 
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Physical Properties of Some Tri- and 
Tetrasilyl-substituted Organopolysilanes 
Tetreikl8(trimethylsilyl)silane (XLIX) is a white, crys­
talline, waxy, odorless solid. It crystallizes from organic 
solvents and sublimes in the form of fern-shaped crystals» 
Compound XLIX is very soluble in most common organic solvents, 
sparingly soluble in ethanol and insoluble in methanol. 
Unexpected for a peimethylated polysilEine, compound XLIX 
is an extraordinarily high melting solid and it exhibits a 
high degree of volatilitye In a sealed tube, it melts at 
319-321® without decomposition, and does not melt in an open 
tube but sublimes readily and completely below 265®. Even 
upon standing at room temperature and atmospheric pressure, 
it sublimes very slowly. (Die uncommonly high melting point 
of XLIX is associated with its branched-chain and its very 
high degree of symmetry. Timmeman (119) has suggested that 
blanched-chain molecules of high symmetry can absorb a con­
siderable amount of rotational energy, before their theimal 
vibration cause a disruption in the crystal lattice. That 
is, the more symmetrical a molecule, the more rotational 
freedom it can attain in the solid state before melting. This 
causes a relatively large gain in entropy in the solid state 
as the temperature increases and the entropy of fusion cor­
respondingly decreases (120, 121, 122). For example, hexa-
methylethane melts at 377'j 1° K and has a liquid interval of 
only 2.8®. Compound XLIX and adamantane represent extreme 
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examples of the_effect of symmeti/ on the melting point. 
Like compo\md XLIX, adamantane does not melt under ordinary 
conditions but sublimes readily. In a sealed tube, adaman­
tane melts at 268^* Rue known isomers of XLIX and adaman­
tane have considerably lower melting points! isocyolenej 4, 
7, 7-trime thyl tri cyclo [2,2, oj heptane, an isomer of adamantane, 
has the next highest melting point of 119° and a boiling point 
of 150-151°; and dodecamethylpentasilane, the only known iso­
mer of XLIX, has a boiling point of 268° (44). "Die great dis­
parity between the melting point of adamantane and its iso­
mer, and XLIX and its isomer, is undoubtedly associated with 
their high symmetry which is best depicted by molecular 
models as a sphere. It is noteworthy that compound XLIX 
melts appreciably higher than some of its related highly sym­
metrical derivatives* namely, tetrakis(dimethylsilyl)silane 
(LIII) 40-42® ^ and tetrakis(dimethylphenylsilyl)silane (LIV) 
m.p. 133=135 • 
Another interesting thermal property exhibited by XLIX 
is that it appears to undergo a phase transition to another 
solid form at 170-180°. Similar behavior is displayed by 
other highly symmetrical molecules; for example, adamantane 
undergoes a phase transition at 208.62® K (123) emd tetra­
ki s( trime thyl silyl)methane (IX) at 195-210° (12). The 
^Dr. J. M. Holmes, Department of C!hemistry, Iowa State 
University of Science and Technology, Ames, Iowa. Information 
on the melting point of tetrakis(dimethylsilyl)silane. 
Private communication. I965. 
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transition is probably of the pseudo-rotational-reorientation 
type (123), That is, the transition presumably involves an 
increase in molecular freedom in which the molecules rotate 
more freely, or assume different, random orientation on the 
lattice sites of the high temperature form* 
Compound XLIX also possesses extra thermal stability: 
it is stable above 400®. 
The melting point behavior of some tetrasilyl-substi­
tuted derivatives of LI are particularly noteworthy. Por 
example $ tri s(trimethylsilyl)(dimethylphenylsllyl)silane 
(LVIIIb), tri s(trimethylsilyl)(diphenylmethylsilyl)silane 
(LVIIIc), and tri s(trimethylsilyl)(triphenylsilyl)silane 
(LVIIId) appear to have melting point ranges instead of sharp 
melting points, and thus seem to resemble the melting be­
havior of liquid crystals (124). That is, these compounds 
fozm a turbid liquid which appears to be a mixture of liquid 
and solid at some temperature just before the liquid becomes 
clear. The appearance of a turbid liquid was recorded as the 
transition point and the melting point was the development of 
a clear liquid. Presumably, the transition point represents 
the temperature at which the solid and crystalline-liquid 
phases are in equilibrium at a pressure of one atmosphere, 
and the melting point is the temperature at which crystalline-
liquid and isotropic liquid phases are in equilibrium (124).^ 
For the melting, transition and solidification points 
of these compounds, see the Experimental part. 
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©le tri- and other tetrasllyl-substituted compounds have 
normal boiling and melting points. 
35ie relative volatilities of some trl- and tetrasllyl-
substltuted compounds have been determined. The order of 
decreasing volatility as determined by their ease of subli® 
matlon and v.p.o. is as followss 
%e replacement of a hydrogen in the organic group by a 
heavier atom decreas?5s the volatility of the organometallic 
compound (125). Thus, the trl silyl-substituted compounds 
are more volatile than the tetrasllyl-substituted derivatives. 
It has also been reported that substitution of branched-
chaln groups for straight-chain Increases the volatility of 
the compound (125). The above scheme elegantly illustrates 
these observations. Indeed, in view of their high molecular 
weights eind melting points, these compounds exhibit a sur­
prisingly high degree of volatility. In addition to their 
ease of sublimation, the purity of these compounds is con­
veniently ascertained by v.p.c. 
(TcH^)^S^^SiH >{]cH^)^8g^81CH^ > [H(CH^)g8^ ^8181 (CH^)gH 
(7^^)38^ ^81 Si(CH^>2H > (7^3)38^ ^ SiSiCH^)^ > 
|TGH3)3S^^SlSi(CH3)2Ph > [7^3)38^^8181(^3) Phg > 
[[023)38^ SiSiPh3 > [^(^3)38^ ^81 
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Spectral Properties of Some Tri- and 
Tetrasilyl-substituted Organopolysilanes 
Infrared spectral properties 
Hie infrared spectrum of the tri- and tetrasilyl-sub­
stituted polysilanss shows the expected prominent peaks below 
12 Us and above this region each compound exhibits a charac­
teristic absorption pattern. 
A stretching abosrption at 4.87 p- for the tertiary Si-H 
group of tri8(trimethylsilyl)silane (LVII) represents a 
shift to a lower stretching frequency, relative to the usual 
(4,4-4,8 u) absorption region. ISiis shift appears to be 
characteristic of tertiary Si-H compounds in general (see 
(teble 9). 
Table 9* Spectral data of some polysilanes containing a 
tertiary Si-H group 
Compound Si-H, u Si-H, t® 
(solvent) (solvent) 
Iph^Sil SiH^ 4.85 5.89 
r T ? 1 b ( CGI. ) (cci^) 
Ph(CH-Lsi| SiH° 4.88^ 7.32^ 
^ 3 2 J3 (001^) (CSg) 
fH(CHo)pSi| SiH 4,75, 4.80 7.57 
^ ^ -^3 (CCl^) (CSg) 
f[cH<,)oSi1 SiH®»^ 4.87 7.73 
^ ^  ^ 3 (CCl^) (CSg) 
^Good integration values were obtained for all compounds. 
^Reported in ref. 126. 
®Spectra must be determined quickly due to reaction with 
the solvent. 
^A stroi 
of the spectra, apparently due to the foimation of phosgene(127). 
ong band at 5.53 M developed during the determination 
1# 
If one considers a series of primary, secondary and tertiary 
Si-H compounds, the shift is even more apparent, Bie data 
for such a series fonned by successive replacement of phenyl 
groups by trimethylsilyl groups are summarized in Table 10. 
Table 10. Spectral data for a series of primary9 secondary 
and tertiary Si-H compounds 
Compound Si-H, p. 
(solvent) 
Si-H, t 
( solvent) 
Phg (TCH^)^S^ SiH® 4.77 
(CCl^) 
5.20 
(CClj^) 
Ph [[cH^j^S^ ^ Siif 4.83 
(CCl2^) 
6.40 
(CCl^) 
[(CH^)^S^ ^ SiH 4.87 
(CCl^) 
7.73 
(0S2) 
^Reported in ref. 126. 
N.m.r. spectral pioperties 
Utie n.m.r chemical shifts for the Si-H have been found 
to vary with substituents on silicon (88). The marked dia-
magnetic shift for the Si-H proton of LVII is given in Tables 
9 and 10. Hi!s shift appears to be general for tertiary 
Si-H compounds and is probably associated with the electro­
negativity of the peripheral silicon groups. ®ie n.m.r. 
spectral data for compounds containing the tertiary Si-H 
group are given in Table 9. With the highly phenylated de­
rivative, |%^S^ SiH, this shift appears to be opposed by 
the paramagnetic shielding properties of the phenyl groups. 
1^5 
%e pronounced diamagnetlc shielding observed for the Si-H 
proton, as one proceeds from a primary to a tertiary struc­
ture, is illustrated in Table 10. The diamagnetlc shifts 
gather with their facile reaction with carbon tetrachloride 
suggest an enhanced reactivity of the Si-H group. 
The n.mir. spectra, particularly of the silicon-methyl 
region, of some trisilyl-substituted polysllane compounds 
are rather Interesting. The area ratio, even after expanding 
the spectrum over a $0 CoPsSo sweep width, for an analytical 
sample of trl8(trlmethylsilyl)methylsllane (XLVII) was 
found to be 6:1 which is in poor agreement with the calculated 
value of 9*1 (Figure 5)* The poor value is probably due to 
the very close chemical shift of the two different types of 
silicon-methyl protons, and therefore the intensity of ab­
sorption of one is partially masked by the other. (Oils ef­
fect is also observed with some of the other related trl-
silyl-substituted compounds, and its magnitude appears to be 
dependent upon the substituent (X) bonded to the central slli-
-Sl(CH^)Hi2 (LXVIIIb), -SlPh^ (LXVIIIc), -COOH (LXIX) or 
-OOOCH^ (LXXI) 
For example, at a sweep width of 500 c.p.s It was not pos­
sible to Integrate the area for protons a or b separately 
with respect to those of X In LXVIIIa, whereas LXVIIIb and 
observed with LVII and [ph(CH^)2S^ SIH, In particular, to-
con atom; 
where X = -8i(0H^)2Ph (LXVIIIa), 
Figure 5« Nuclear magnetic resonance spectra 
Top* Tris(trimethylsilyl)methylsilane (XLVII) 
in carbon disulfide as solvent 
(A) Expansion of the silicon-methyl region 
over a sweep width of $0 c.p.s. Acetone 
was used as the solvent 
Middle: Bi s(trimethylsilyl)(dimethylphenylsilyl)-
methylsilane (LX^IIa) 
Bottom: Bis(trimethylsilyl)(diphenylmethylsilylj-
methylsilane (LXYIIIb) 
147 
f 
acetone 
(A) 
4 
9 . 8 3  9.90 I M S  
PPW) 
[rCH3)3S33SiCH3 
975 "^083 
(b) 
(a) 9H3 (0 
[fcH3)3S32SISICH3)2Ph 
939 
PPM(-C) 
|g:H3)3#SISI(CH3)Ph2 
PPMR) 976 
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LXVIIIc gave good values (Figures 5 and 6). Also, at a sweep 
width of 500 c.p.s., protons a and b of LXIX and LXXI could 
not be integrated separately with respect to those of X, but 
at a sweep width of 50 c.p.s. good values were obtained (Fig­
ure 6). It is noteworthy that the internal silicon-methyl 
protons (3 protons at 9*90 t) are shielded relative to the 
external protons (27 protons at 9,83 t in XLVII. In general, 
the terminal silicon-methyl protons are deshielded relative 
to the internal protons (5» 7^) and this shielding effect is 
observed in the spectrum of the other trisilyl-substituted 
compounds, LXVIIIa, LXVIIIb, LXVIIIc, LXIX and LXXI. 
ultraviolet spectral pxi^pertles 
Recent sutdies have led to the conclusion that the ultrap-
violet spectra of polysilanes promise to be extremely useful 
in their characterization (83» 128). An inspection of Table 
11 reveals that the branched-chain (B) compounds absorb at 
lower wavelengths than the related linear-chain (L) deriva­
tives but have higher molar absorptivities. Interestingly, 
does not increase with successive substitution of the 
methyl group of LXVIIIa to give LXVIIIb, and LXVIIIc, re­
spectively. However, an increase in the molar absorptivity 
is observed. A similar phenomenon is observed with the re­
lated tetrasilyl-substituted polysilane compounds; LVIIIa, 
LVIIIb and LVIIIc. 
Figure 6, Nuclear magnetic resonance spectra 
3op% Bis(trlmethylsilyl)(triphenylsilyl)methyl-
sllane (LXVIIIc) 
Middle t Bi s(trlmethylsilyl)methylsilanecarboxylio 
acid (LXIX) 
(A) Expansion of the sillcon-methyl 
region over a sweep width of 50 c.p.s. 
Bottoms Methyl bi s(trimethylsilyl)methylsllane-
carboxylate (LXXI) 
(A) expansion of the silicon»methyl 
region over a sweep width of 50 o.p.s. 
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Table 11. Ultraviolet spectral data of some branched-chain 
polysllsuies and straight-chain derivatives 
Oompoimds X___, mu Molar Reference 
a 
A* Tri silyl"substituted compo 
B ^8iH 
unds 
B SiCH, 
B [^(CH^)2Sij SiH 
B [m( (3^)28^ SiCH^ 
B [?h^8^ SiH 
L PhCsiPhg)^^! 
B ((CH^)^S^ SiPh 
L (CH^)^81 {8ifh(CH^^ 8i(CH^)^ 
B (CH^) [(CH^)^S^ SiSi(CH^)2Ph 
B (CH^) |TcH^)^8^ 8i8i(CH^)Ph2 
B (CH^) j7cH^)^S^^8iSiPh^ 
B, Tetrasilyl-substituted compounds 
B (7cH^)^S^ 8i 
above 210 
207.5 
(shoulder) 
237 
13,100 
30,200 
-a 
-a 
-b 
242.5 
240 
( shoulder) 
254 
39 s200 
41,900 
32,200 
«• £t 
ob 
• b 
241 13,200 -b 
243 11,150 -b 
237.5 13,500 <• a 
238.5 17,400 -a 
238 22,000 • a 
L CE, [31(^3)2] CH, 
B [7^3)38^ 8i8i(CH3)2Ph 
B [((^3)38^ 8iSi(CH3)Ph2 
B [(^3)38^ SiSiPh^ 
B [m(CS3)28iJ 81 
L Ph pKCE^)^ 
above 210 •a 
215 9,020 -b 
239 16,130 -a 
238 18,815 -a 
. ^35 , 
( shoulder) 
242 
243 
23,200 
38,600 
18,900 
«•a 
—a 
-b 
8ee the Experimental part. 
^Reported in ref. 126, 
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SUMMARY 
Details are provided for the preparation of tetrakis-
(trimethylsllyl)sllane, the first tetrasilyl-substituted 
organopolysilane compound containing contiguous silicons, 
and a discussion of its properties and mechanisms of forma­
tion are presented. This compound was prepared in good yields 
from a reaction between silicon tetrachloride, chlorotri-
methylsllane and lithium. The high melting point and ease of 
sublimation of the tetrakis compound have been attributed to 
its high degree of symmetry and its branched-chain structure. 
Also, unsuccessful efforts to cleave one silicon-silicon 
bond of tetrakls(trimethylsilyl)silane with base or halogens 
could well be a consequence of its highly symmetrical 
structure, a compound which can be envisaged as a sphere of 
twelve chemically equivalent methyl groups surrounding the 
silicon skeleton. The cleavage of one silicon-silicon bond 
was achieved by the reaction of tetrakls(trimethylsllyl)silane 
with methyllithium, phenyllithlum and triphenylsilyllithium to 
give tris(trimethylsllyl)silyllithium, the first example of 
a branched-chain sllanyllithium compound. Its formation in 
high yields represents the first stable solution of a 
sllylllthium compound which does not contain an aryl group and 
is of synthetic utility. Sodium-potassium alloy and lithium 
aluminum hydride also effected the cleavage of a silicon-
silicon bond of tetrakls(trimethylsllyl)silane. 
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An investigation has been made of the relative reactiv­
ity of tris(trimethylsilyl)silyllithium in an attempt to 
estimate the importance of (dn - pn) bonding involving two 
contiguous silicon atoms. The procedures used were: (1) a 
comparative metalation reaction; (2) a kinetic study; and 
(3) a cleavage reaction of a silicon-silicon bond. The 
results are not definitive, although they seem to imply that 
the reactivity of tris(trimethylsilyl)silyllithium is com­
parable to or less than that of triphenylsilyllithium. The 
reactivity of trls(trimethylsilyl)silyllithium, together with 
its ultraviolet and n.m.r. spectra, has been explained in 
terms of dative rr-bonding. Treatment of tris (trimethylsilyl )-
silane with n-butyllithium, affording tris(trimethylsilyl)-
silyllithium, seems to imply that ir-bonding in the tris-
(trimethylsilyl)silyllithium silaniom is greater than that of 
triphenylsilyllithium. 
A discussion of the preparation, physical and spectral 
properties of some derivatives of tris(trimethylsilyl)-
silyllithium is also presented and the synthesis of the 
following compounds is reported: tris(trimethylsilyl)silane, 
tris(trimethylsilyl)methylsilane, tris(trimethylsilyl)(dim-
ethylphenylsilyl)silane, tris(trimethylsilyl)diphenylmethyl-
silyl)silane, and tris(trimethylsilyl)(triphenylsilyl)silane. 
Due to their facile reaction with a variety of reagents, tris-
(trimethylsilyl)(dimethylsilyl)silane, tris(trimethylsilyl)-
silanecarboxylic acid and methyl tris(trimethylsilyl)-
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silaneoarboxylate were prepared but not purified. 
Trls(trlmethylsilyl)methylsllane was prepared by a 
reaction between methyltrlchloro sllane, chloro trimethylsilane 
and lithium, and treatment of the tris compound with 
aethyllithiua afforded bis (trime thyl silyl)methylsilylllthim 
in good yields. A discussion of the preparation, physical 
and spectral properties of some derivatives of bis(tri­
me thyl silyl)methylsilyllithium is also presented and the 
synthesis of the following compounds is reported* bis(tri­
me thylsilyl)methylsilane, bi s(trimethylsilyl)(dimethylphenyl-
silyl)sllane, bis(trimethylsilyl)(dimethylphenylsilyl)silane, 
bis(trimethylsilyl)(trlphenylsilyl)silane, bis(trimethylsilyl)-
methylsllanecarboxyllc acid and methyl bi s(trimethylsilyl)-
methylsllanecarbo xylate• 
Tetrakis(dimethylphenylsilyl)silane, the first phenylated 
tetrasilyl-substituted compound of this type, was prepared 
by two independent methodst (1) the reaction between silicon 
tetrachloride, chlorodimethylphenylsilane and lithium; and 
(2) the reaction between dimethylphenylsilylli thium and silicon 
tetrachloride. 
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SUGGESTIONS POH FURTHER RESEARCH 
The present investigation has opened the area of 
branched-chained polysilane compounds. The technique 
described in this work for the preparation of some branched-
ohain organopolysilanes: namely, tris(trimethylsilyl)methyl-
silane and tetrakis(trimethylsilyl)silane should be studied 
more intensively and extensively in terms of its applicabil­
ity and mechanism. Since the reduction of the phenyl ring(s) 
is observed when phenylated polysllanes are used, as the 
polyhalo silane, it would be interesting to investigate the 
reactivity of some vinyl- and allyl-substituted silicon 
compounds to determine the nature and degree of substitution 
on the double bond(s). The preparation of compounds, 
straight- and branched-chain, in which silicon is bonded to 
Group III, V and other Group IV elements by this procedure 
seems promising. 
The preparation of a variety of other branched.chain 
compounds and a comparison of the physical, chemical and 
spectral properties with those of their straight-chain 
analogs, to determine the effect of branching, would be of 
interest. 
Although evidence for dative tf-bonding Involving contig­
uous silicon atoms has been presented in this work, it would 
be of value to attempt the preparation of some stable 
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silanion oompoimds. One route which appears attractive is 
the reaction of some phenylated trisilyl-substituted organo-
polysilanes with organolithium compounds under a variety 
of conditions. For example, the reaction of tris(triphenyl-
sllyl)sllane with n-butyllithium may lead to the formation 
of tris(triphenylsilyl)silyllithium. This silyllithium 
compound should be more stable than tri s ( trimethylsilyl ) -
silyllithium because the presence of the phenyl groups 
provides a more extended conjugative system involving 
delocalization of the negative charge over the vacsint d= 
orbitals of the silicon atoms and the phenyl rings. The 
preparation of some related silyl radicals might also be 
possible in view of the electronic effects of the silyl 
groups. 
Since a limited number of reactions of bis(trimethyl­
silyl )methylsilyllithium and tris(trimethylsilyl)silyllithium 
was possible in this study, it would be of value to explore 
the reactivity of these compounds more thoroughly. Some 
reactions which should be carried out are: (1) addition to 
double and triple bonds; (2) metalation of a variety of 
acidic hydrocarbons; and (3) a comparison of the extent of 
halogen-metal interconversion with triphenylsilyllithium. 
For instance, despite the greater electronegativity of carbon 
as compared to silicon, is the tris(triphenylsilyl)silyl 
group a better electron acceptor than phenyl? This might be 
the case because in a tris(triphenylsilyl)silyl-substituted 
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compound., electronic transitions could conceivably occur 
through the vacant d-orbitals on the silicon atoms and the 
phenyl rings, whereas in the related phenyl-substituted 
compound delocalization is only possible through one ring. 
The reaction of bi s(trimsthylsilyl)methylllthium and 
tris(trimethylsilyl)silyllithium with inorganic salts 
should 8lLso be investigated. 
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